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SAMPLES of the Crac Herbicides listed below are available for 
experimental purposes. 

CRAG Mylone 85W is an easy-to-handle, pre-planting soil 
fumigant for control of weeds, soil fungi and nematodes. We 
suggest you test it on tobacco, vegetable and conifer seed beds. 
Now commercially used on ornamental propagating beds. No 
plastic cover is needed. 

CRAG DCU 73W has controlled annual grasses up to three 
months when mixed with the top layer of soil before planting, 
in tests. We suggest you test it on sugar beets and cucurbits. 
CRAG Sesone is an economical weed-seed toxicant which is 
activated upon soil contact. We suggest you test it for weed con- 
trol in growing peanuts, strawberries, nursery stock, potatoes, 
asparagus, and corn for seed. 
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Du Pont 
UREA HERBICIDES 


offer new economies 
and efficiency in killing 
weeds, grass and brush 


The urea herbicides, 
products of Du Pont 


“KARMEX” for weed control in 


asparagus, sugar cane, pineapple, pota- 


toes, grapes, alfalfa, citrus and other 
crops. Also for irrigation and drainage 
ditch weed control. Available in two 
formulations: “Karmex” W monuron 


research, kill vegeta 
tion through the roots. 
Their efficiency is dem- 
onstrated by the rela 





and “Karmex” DW diuron. 


KARMEX® DL for pre-emergence 
weed control in cotton. 

TELVAR® for industrial weed and 
grass control. Also in certain areas, 
it is recommended for brush control. 
Telvar” W monuron and “Telvar” 
DW diuron 


tively low dosages re- 
quired to do the job. 
They can be easily ap- 
plied, are non-flam- 
mable, non-volatile, 
non-corrosive and ex 
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1. UREABOR® 


A nonselective, granular complex 
of sodium borate and substituted 
urea. Low application rates are a 
feature. Apply with the special new 
PCB Spreader for best results. 


Four 2. DB® Granular 


A combination of 2,4-D and sodium 
easy borates. Kills deep-rooted, noxious 
weeds. Low application rates for 
maximum control with the utmost 
economy; use the PCB Spreader. 

(Not intended for control of grass.) 


3. POLYBOR-CHLORATE: 


Highly soluble; for spray or dry 
application. It gives a quick knock- 
down; destroys top growth and roots. 
A general nonselective herbicide. 


4. Concentrated BORASCU ° 


A nonselective, granular material. 
Apply by hand or with a mechanical 
spreader. Long residual action. 
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the standard weedkiller 


Like water and fertilizer, weed control is vital to all agricul- 
ture. And SINOX formulations, products of combined field 
experience and laboratory research, are the first choice for 
positive weed control. 

SINOX PE, for pre-emergence spraying of potatoes, beans, 
corn and peas; also control of winter annuals in fall seeded 
alfalfa, and clover. 

SINOX GENERAL is a hard-hitting dinitro for clearing 
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vines, ditches, roadsides, and general weed destruction. Useful 
also as a dessicant for seed alfalfa, clover, Sudan grass, flax 
and milo. 

SINOX W is highly efficient for selective spraying of 
seeding alfalfa, onions, flax, peas, and grain seeded to legumes. 

We are devoted to progress in weed control at Standard 
Agricultural Chemicals, and are helping to create a new era 
in weed control for you. Keep up to date on latest develop- 
ments by checking with us directly. 


STANDARD Agricultural GHEMIGALS 


INCORPORATED 


1301 Jefferson Street, Hoboken, New Jersey 
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As one of the world’s largest makers of 
herbicides, DiamMonp ALKALI has the experi- 


control problem, ence and facilities to help you select the 


Whatever your 


right chemical formulation for any job. 


Diamond has 
: Write Diamonp ALKALI Company, 300 
the solution ! Union Commerce Bldg., Cleveland 14, Ohio. 








TECHNICALS 


for formulators and processors 


WEED KILLERS 

2,4-D Acid * Technical Butyl-D 

Technical Isopropyl-D 

Technical 2-Ethyl Hexyl (Iso-Octyl)-D (Low Volatile) 
Technical BEP-D (Low Volatile) 


BRUSH CONTROL 

Technical Butyl-T +¢ Technical Isopropyl-T 
Technical BEP-T (Low Volatile) 

Technical 2-Ethyl Hexyl (Iso-Octyl)-T (Low Volatile) 


READY-TO-USE FORMULATIONS 


for farms, ranches, orchards, parks, homes 


WEED KILLERS 

*4# Mixed Amine-D « 4# Dimethylamine-D 
2.67# Butyl-D « 4# Butyl-D + 6# Butyl-D 

4# 2-Ethyl Hexyl (Iso-Octyl)-D (Low Volatile 
4# BEP-D (Low Volatile) ¢ 3.34# Isopropyl-D 


*4# Butyl-T « 4# BEP-T (Low Volatile) 

4# 2-Ethyl Hexyl (Iso-Octyl)-T (Low Volatile 
2,4-D—2,4,5-T Mixtures * 2#—2# Butyl Brush Killer 
2#—2# 2-Ethyl Hexyl] Brush Killer (Low Volatile) 
2#—2# BEP Brush Killer (Low Volatile 


*Numbers are pounds of 2,4,5-T or 2,4-D acid equivalent per gallon. 
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ATLACIDE: A chlorate weed killer 
... widely used for non-selective 
eradication of bindweed, Canada 
thistle, quack grass, Johnson grass 
and other tough perennials. Kills 
roots. ..discourages regrowth. Ap- 
plied as spray or in original dry 
form. 


ATLACIDE WITH 2, 4-D: A com- 
bination of Atlacide and 2,4-D acid. 
Particularly recommended for Can- 
ada thistle control. 


CHLOREA: A uniform, non sepa- 
rating combination of sodium chlo- 
rate, borate and CMU. Kills all 
types of weeds and grasses. Com 
bines the proven effectiveness of 
chlorate on deep-rooted weeds with 
the soil-surface action of CMU on 
shallow-rooted grasses and annual 
seedling growth. Has lasting resid- 
ual effect to inhibit new growth. 
Does not create a fire hazard when 
used as directed. Applied dry or as 
a water-mixed spray. For industrial, 
railroad and certain agricultural 
uses. 


CHLORAX “40”: A non-separat- 
ing composition of sodium chlorate 
and borate...for weed and grass 
control. Has a lasting residual effect. 
Does not create a fire hazard. Ap- 
plied dry or as a spray. 
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CHLORAX LIQUID: Similar to 
Chlorax “40”...in liquid form fo 
easy mixing with water. 


ATLAS “A”: A 40% sodium arse- 
nite solution (4 lbs. arsenic trioxide 
per gal.). Destroys certain sub- 
mersed vegetation in ponds and 
lakes. Controls crabgrass, chickweed 
and clover in turf. Used as general 
weed killer and to kill trees and 
stumps. Also used to kill potato 
vines prior to harvesting. 


SODIUM ARSENITE: A powder 
containing 75% arsenic trioxide. 
Used for the same purposes as Atlas 
“A”. Applied dry or as a spray. 


2, 4-D WEED KILLERS: A com. 
plete line—Available as 2,4-D 
Amine and 2,4—-D Ester liquids; al 
so 2,4-D Ester dusts. 


METHOXONE: Contains 2 pounds 
of MCP sodium salt per gallon. 
Used for weed control in small 
grains, flax, rice and grass. Controls 
same weeds as 2,4-D; considered 
safer for selective spraying. 


Low Volatile 2,4,5-T 
Low Volatile Brush Killer 
Chloro IPC e IPC 25% Liquid 








CHIPMAN CHEMICAL COMPANY, INC. 


Chicago, Ill. 
Palo Alto, Calif. . 


BOUND BROOK, N. J. 
Pasadena, Tex. . 


Portland, Ore. 
Bessemer, Ala. 


Manufacturers of Weed Killers Since 1912 
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Amino Triazole Weedkiller* 
passes first test 


Amino Triazole Weedkiller has had one season of farm 
use for killing deep-rooted perennials. This experience 
justifies firmer confidence in this new chemical as a 
control for Canada thistle, horsetail rush, poison ivy, 
cattails, woody plants, and many other species. Produc- 
tion has been increased to meet demand in 1957. 


Much interesting research 
yet to be done 


In spite of the impressive amount of research completed 

during the past 4 years by State and Federal workers, 

we have only partial answers as to how and why this 
systemic herbicide does what it does to plants: 

1. Why is Amino Triazole so readily absorbed into plant 
foliage? 

2. Why is Amino Triazole translocated so readily down- 
ward and laterally throughout the plant compared to 
other systemic herbicides? 

3. What are metabolites of Amino Triazole in the plant? 

4. How does Amino Triazole destroy and interfere with 
the formation of chlorophyll? 

5. What vital growth processes are affected, causing 
death of plants? 

6. Why are certain species relatively so much more sen- 
sitive to Amino Triazole than others? 

We will be glad to supply the latest data to those inter- 

ested in working with this new herbicide. 


—_eYANAMID —— 


*3-amino-1, 2, 4-triazole 








AMERICAN CYANAMID COMPANY 
Send coupon | Agricultural Chemicals Division, Dept. W 
3 *kefeller Plaza, Ne York 20, N. Y. 
for complete 0 Rockefeller Plaza, New York 
. Please send more information and technical data on Amino 
information | 7) jazole Weedkiller. 
and NAME 
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effective 
spraying 
















Supplied in a full range of interchange 
able orifice tip and strainer sizes to 
meet every Capacity requirement. Tee 
Jet Spray Nozzles for Weed Control by 
spraying make it possible to take max- 


imum advantage of the chemi 
imt vantage o e chemical and TEEJET 


sprayer unit. TeeJet nozzles are pre- SPRAY 
cision built and provide a flat spray NOZZLE 
with uniform distribution. Atomization male pipe 

connection 


is properly controlled to give coverage 
with an absolute minimum of driftage. 
Patented tip design, with set-back 
orifice opening protects precision orifice 
from accidental damage. TeeJet spray 
nozzles are built for use on spray booms 
and portable sprayers. 


OFF-CENTER SPRAY NOZZLES TEEJET 


: ' ; SPRAY 
Spraying Systems Spray Nozzles with TeeJet NOZZLE 
tips are supplied in a variety of special body female pipe 
types to meet any unusual spraying require- connection 


ment. For example, one type of off-center 
spray nozzle with swivel body provides a flat 
spray up to 35 feet wide for spraying areas 
with a single nozzle, that are not accessible 
with a boom. 


9 INTER- 
CHANGE- 

ABLE 

ORIFICE TIPS 


flat and cone 
spray types 


SUPPLEMENTARY EQUIPMENT 


Complete accessories relating to nozzle use are sup- 
plied. These include strainers, special nozzle fittings, 
aud hand valve equipment. 





TeeJet Spray Nozzles are supplied for Weed Control 

as well as all other types of agricultural spraying. For 
complete information and reference data write for 
Catalog 30. 


PRAYING SYSTEMS CO. 


Engineers and Manufacturers 


3296 RANDOLPH STREET BELLWOOD, ILLINOIS 
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Effect of Phenoxy Herbicide Concentrates Applied 
to Cuts of Sprouting Tree Species 


A. LEONARD! 


— data have already been presented (6) on the kill of blue 
oak (Quercus douglas: H. & A.) with concentrates of 2,4—dichlo- 
rophenoxyacetic acid (2,4—D) and 2,4,5—-trichlorophenoxyacetic acid 
(2,4,5-T) applied to cuts in the trunks. The present paper is con 
cerned with reporting some similar studies on species which are 
noted for being persistent or vigorous sprouters. Since the sprouting 
question represented an important part of these studies, it was neces 
sary to make observations for several years after treatment to arrive 
at some relatively dependable conclusion concerning effectiveness. 

Most of the data in this report have been collected from studies 
on interior live oak (Quercus wislizenti A. DC.); however, sufficient 
data are presented on black oak (Quercus kelloggii Newb.) and 
madrone (Arbutus menziesii Pursh.) to indicate the effect on these 
species. Interior live oak is the most difhcult of the three species to 
control by conventional methods; it is, also, the most difficult to 
control by chemical means. It is widely distributed on rangelands 
and potential r: ingelands. Black oak and madrone are problems on 
rangelands and in forested areas. 

Interest in studying the cut-surface method of control is due to 
several factors. Perhaps the most important reason for interest in 
the method is due to the very poor kills that have been obtained 
thus far by aircraft application. Not one single tree of interior live 
oak has been killed by aircraft application in tests conducted by the 
author and the kills of black oak and madrone have not be satisfac- 
tory. One desirable feature of the method is that it is as selective 
as the user desires to make it and the chemical costs are only | or 2 
cents for trees | foot in diameter. 

Because of their evergreen foliage, live oak and madrone exclude 
or nearly exclude the growth of grass beneath them. Although black 
oak is deciduous, grass growth is only moderate to sparse beneath 
this species. Within 2 or 3 years after treatment, a good cover of 
grass develops beneath all of the above species. 


‘Associate Botanist, University of California, Davis, California. 


291 





WEEDS 


METHODS AND MATERIALS 





Most of the tests reported in this paper were conducted in 1951 
and 1952 on the L. J. Gamble and George Gamble ranch in Napa 
County and on the John Allen ranch in Amador County. The 
remaining tests reported were conducted on the University of Cali 
fornia’s Hopland Experimental Range. 

The trees varied in diameter from 6 to 36 inches and frequently 
consisted of two or more stems, especially the live oak and the 
madrone (about 25% of the trees). The multiple stemmed trees were 
generally the result of fire at some time in the past, which killed 
the tops of the original trees, resulting in the development of crown 
sprouts. Some of these sprouts eventually became large, resulting in 
multiple stemmed clumps. Live sprouts present near the bases of 
some of the trees at the time of treatment resulted from ground fires 
which killed some bark on one side of the tree, causing sprouts to 
develop. 

Cuts were made through the bark into the wood using a sharp 
hatchet. In 1951, a shingle hatchet having a blade 2 inches wide was 
used, but in all subsequent years, a broad bladed heavy hatchet has 
been used. An attempt was made to drive the blade as deeply as 
possible into the wood, with only one hit; however, when the bark 
broke or when a poor cut was made, a second attempt was necessary. 
The cuts were horizontal to the ground, so the liquid would not 
run out one end of the cut. Variations in the spacing of the cuts 
constituted an important aspect of these studies. 

When otherwise not designated, “spaced cuts” will refer to cuts 
spaced in such a manner to make one cut for each 6 inches in 
stem circumference, with the cuts spaced as uniformly as possible 
around the trunks. The “continuous cuts” will refer to separate cuts 
made in such a manner that all of the bark was severed around the 
tree; however, no attempt was made to have the cuts connect with 
one another (that is, to be on the same level). The objective was to 
sever the vertical lines of flow, so that the entire circumference 
could be treated when the chemical was introduced into the bark 
and wood. About 50% more cuts were required to make the cuts 
“continuous” than when the cuts were “spaced” in the normal 
manner. 

A 5 or 10 ml. veterinary hypodermic syringe was used for making 
the applications. Liquid formulations? of 2,4—D, 2,4,5—T, 2~(2,4,5 
trichlorophenoxy) propionic acid (2-(2,4,5-TP)) as amines (water 
soluble) and esters (propylene glycol butyl ether esters), and amines 
of 2-methyl—4-chlorophenoxyacetic acid (MCPA) and 2-(2,4—dichlo 
rophenoxy) propionic acid (2—(2,4—DP)) were used. All of the formu- 
lations contained 4 pounds of acid equivalent per gallon and they 
were used without dilution with oil or water. Ten trees constituted 
each single treatment, except as may be noted in the text. 

Although readings were usually taken each year alter treatment, 
most of the data presented was that which was recorded after the 


*Experimental samples supplied by The Dow Chemical Company and American 
Chemical Paint Company. 
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longest interval of time after treatment; with black oak and 
madrone, this was in June 1956 and with interior live oak it was 
in November 1956. 
RESULTS 
The results for interior live oak will be considered separately from 
those of black oak and madrone, because this was the species most 
extensively studied. 


Spacing of the cuts with interior live oak 

As is indicated in Table 1, spacing of the cuts had a pronounced 
effect on top and plant kill. Close spacing of the cuts was clearly 
more effective than having the cuts spaced further apart. There is, 
also, an interrelation between dosage and spacing. These tests were 
conducted in the summer, a time of the year when live oak is most 
difficult to kill. 


Table 7. Effect of spacing of cuts on the kill of live oak. Average effect of 2,4—D 
and 2,4,5-T amines. Results were recorded 5 years after treatment. Width 
of the cut was 2 inches. 


Dosage in ml. per cut 
Spacing! 1 ml | 2 mi. 4 ml 8 ml 
in , 
lop Plant Top | Plant Top | Plant Top Plant 
kill kill kill | kill | kill kill kill | kill 
c ‘ cr € t ‘ ti | € 
‘ fi C ( ‘ ( ‘ ‘ 
4 10 10 60 50 90 R0 
6 10 10 50 40 ao 70 
8. 0 0 0 0 40 40 50 30 
12 0 0 0 0 10 10 20 10 
‘Spacing indicates distance from center of one cut to the center of the next cut. 


Early in these studies, it was found that many of the trees treated 
with cuts spaced at intervals around the trees developed an impe1 
fect top kill. Some branches would be killed, while others remained 
more or less unaffected; this suggested the desirability of comparing 
the results with “spaced” and “continuous” cuts, some results of 
which are shown in Table 2. Applications of chemicals to continuous 
cuts resulted in a more consistent kill than when the same materials 
were applied to spaced cuts. An ester of 2-(2,4,5-TP) resulted in the 
least kill of any of the chemicals tested. 

Approximately 100 trees and clumps of trees were treated with 
2,4—D amine applied to continuous cuts in March 1953. As observed 
31% years later, the treated trees had 100% top kill, but approxi- 
mately 15% had one or more live basal sprouts; therefore, the actual 
kill was considered to be 85%. It is not known how many of these 
had sprouts at the time of treatment, but the results certainly indi- 
cate that some follow-up type of treatment will be necessary to kill 
the surviving sprouts. The follow-up that might be done was sug- 
gested by one experiment. Four years after the trees were treated, 
when one-third of the trees had fallen, the site was burned. The fire 
more or less completely consumed the trees and killed the sprouts. 
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Table 2. Plant and top kill of live oak by chemicals applied to spaced and con- 
tinuous cuts. ‘The quantity of chemical used was equal to 1 ml. for cach inch 
of stem diameter. 


Spaced cu Continue 
Treatment date Chemical used Top Plant lop Meome 
kill kill Kill Kill 
December 1951 2,4-D amine 100 80 100 100 
uly 1952 2,4-D amine 50 100 ) 
December 1952 2,4-D amine 100 100 100 100 
March 1953 2,4-D amine 0 0 100 100 
March 1953 2,4,5-T amine 90 ) 100 100 
March 1953 2—(2,4,5-TP) ester 20 0 ) 40 
November 1953 2,4-D amine 100 100 100 0 
November 1953 2,4,5-T amine 100 ) 100 ) 

November 1953 2-(2,4,5-TP) amine 90 80 10% 

uly 1954 2,4-D amine 90 60 104 100 
et 1954. 2,4,5-T amine 60 ) 0 
July 1954 2-(2,4-DP) amine 0 40) 0 +0 
July 1954 2-(2,4,5-TP) amine 80 40 100 40 


The site is now accessible so that ground spray equipment can be 
used to treat regrowth. 

When the bark is removed from a treated tree a year or more 
after treatment, the killed tissues indicate the early pathway ol 
movement of the chemical. It is clear that some tissues were quickly 
killed by the chemical, while other tissues died more slowly and 
some were still alive. The broadest band of quickly killed wood and 
bark was directly above and below the cuts. Proceeding upwards, the 
band became somewhat narrower and could be traced for a con- 
siderable distance up the trunk. When the cuts were too shallow 
—that is, barely into the wood—considerable bark proliferation 
occurred along the pathway of movement, generally accompanied 
by poor kills. Progressing downward from the points of application, 
the movement was erratic, but often continued to the ground, which 
was as far as could be conveniently traced; obstructions, such as 
dead branches, appeared to stop the movement. Trees treated in the 
summer had narrower bands of tissue killed downward from the cuts 
than trees treated in the winter, as is indicated in Figures | and 2. 

Figure | shows a tree that was treated in the summer, but which 
was not killed. Cut No. C shows a wedge-shaped kill of wood below 
the cut, with this merging into a narrow band of killed tissue that 
extended to the soil line. A broad band of wood was killed below 
cut No. E. Figure 2 shows a tree treated in the winter that was killed 
by the treatment and is representative of several hundred similan 
trees treated by the rancher. The arrows point to some live tissue 
having a wedge-like shape. Although the tops of all of the trees were 
killed and no sprouts have developed to date (13 months after treat 
ment), some sprouts can be expected to form from unkilled tissues, 
such as is indicated by the arrows. 

Although the bark and wood are first killed along the main path 
way of movement of the chemical, the bark between the cuts gen 
erally dies if the applications have been properly made. This 
happens especially when the applications are made in the winter 
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Figure 1. Live oak tree treated in the summer with 2,4-D amine. The bark was 
removed 314 years after treatment to show the streaks of killed tissues. The 
tree was still alive. The letters represent the locations of the cuts. 





Figure 2. Live oak tree treated in the winter with 2,4—-D amine, with the bark 
removed 9 months later. The top of the tree was dead. The letters represent 
the locations of the cuts, and the arrows point to some unkilled tissue. 
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and when the width of uncut bark is not over 2 inches. Evidently. 
although the main movement of the chemical is vertical, some lateral 
movement takes place and in sufficient quantity to kill bark. Some- 
times the bark between the cuts does not die; this is especially 
evident when the cuts are too far apart. Basal sprouts may develop 
from such bands of live bark; also, there is a very good chance that 
the uncut bark will not die when the applications are made in the 
summer, as has already been illustrated by the data in Table |. The 
tree tops will remain alive, but may eventually break or fall due 
to rotting; however the sprouts that develop may survive. 


Height of cut 

In this study, the chemicals were applied to cuts spaced every 6 
inches around the stems, with an application rate of 2 ml. per cut. 
Although the amines and esters of both 2,4-D and 2,4,5-T were 
used, the kills were somewhat erratic and not sufficient to indicate 
any specific relationship between height of cut and specific chemical. 
Considering all treatments together for each height studied (50 trees 
for each percentage kill listed), the percentage kill decreased as the 
cuts were made farther from the ground. The average plant kills 
were as follows: 0 inch, 48%; 6 inches, 38%; 12 inches, 16%; 24 
inches, 18%; 36 inches, 16%; 48 inches, 12%. It is evident that kills 
were highest when the applications were made near the ground line. 
The significance of these figures must be viewed in light of the fact 
that the dosage applied decreased upward, due to tapering of the 
stem. It is significant and not surprising that some of the trees died 
that were treated as high as 4 feet above the ground. Considering the 
movement downward as shown in Figures | and 2, if no serious 
obstructions are present below the point of application, the chemical 
can move for a considerable distance. Some of these trees developed 
live stem and basal sprouts that eventually died (after 5 years). 
However, considering that the movement downward is somewhat 
erratic, it is evident that applications made close to the ground 
which is, also, close to the place where sprouts are apt to develop 
—are most likely to give a high degree of plant kill. 


Depth of application 

Although tests conducted on live oak were quite limited (4 trees 
for each treatment), the results appear to be the same as for blue 
oak (6). Holes one inch in diameter were drilled every 6 inches 
around the trunk of live oak trees. Some of the holes were made 
just through the bark (34 inch deep), while others were drilled well 
into the wood (2 inches deep). Applications were made in February, 
the time of the year when this species is most sensitive, as may be 
judged from Table 4. 2,4-D amine was applied at the rate of 2 ml. 
per opening. A top kill of one out of 4 trees was achieved when the 
chemical was placed 34 inch deep, while all 4 trees died when the 
applications were 2 inches deep. These trees all developed basal 
sprouts, some of which died; however, some are still alive, indicating 
that lateral diffusion of 2,4—D in the wood was limited, especially 
prior to the formation of the sprouts. The same dosage of chemical 
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applied to continuous cuts not only killed the tops but prevented 
sprouting. 


Effect of chemical 

Data in Table 3 indicate the effect of 2,4-D, 2,4,5-T and MCPA 
on top and plant kill of live oak. Some data on 2-(2,4,5-TP) are, 
also, shown in Table 2. There appears to be no real large difference 
in the effectiveness of 2,4-D and 2,4,5-T or between amines and 
esters; however, 2,4—-D amine appears to be generally the most effec- 
tive chemical and the same thing appears to be true in Table 2. 
MCPA appears to be the least effective of the chemicals studied, but 
the results do suggest that this chemical could be used to kill live 
oak with the proper dosage; however, a question of economy is 
involved. 


lable 3. Effect of different chemicals on the kill of live oak, 5 years after 
treatment. Cuts were spaced 6 inches apart. 


Dosage per cut 


Chemi 1 ml 2 ml 4 ml 


Top kill Plant kill Top kill Plant kill I 


yp kill Plant kill 


2,4-D amine 10 0 50 40 " on 
2,4—D ester 10 0 0 20 60 50 
2,4,5-T amine 10 10 40 j 30) <1) 4 
2.4,5—-T ester 0 0 20 20 Ti 60 
MCPA amine 0 0 10 10 50) 0 


A series of tests with 3-(p-chlorophenyl)—1,l-dimethyl urea 
(monuron) and 3—amino-1,2,4-triazole applied to cuts were com- 
pletely negative. One-half gram of actual chemical was applied for 
each inch of stem diameter. About 4 years after application, the 
cuts were almost completely healed over and no foliage symptoms 
evident; likewise, no foliage symptoms had been noted at any time. 


Seasonal differences in sensitivity of live oak 
Data in Table 4 indicate that marked differences in sensitivity to 
2,.4-D and 2,4,5-T exist at different times of the year. Top kill 
Table 4. Effect of season of application on the top and plant kill of interior live 
oak treated with the amines of 2,4—D and 2,4,5—T, applied to spaced cuts. 


2,4,5-T amine 2,4-D amine 


> 


Date of 1 ml. /cut | 1 ml. /cut 2 ml. /cut 


treatment 
lop kill Plant kill Top kill Plant kill Top kill Plant kill 
Q oO or ‘ Oo oF 


August 1951 10 0 10 0 50 40 


October 1951 10 0 60 40 70 50 
November 1951 60 | 30 90 | 0 100 g0 
December 1951 100 40 90 | 70 100 80 
February 1952 go 40 100 RO 100 100 
Mare 195? 50 40 80 40 100 70 


June 1952 20 0 30 | 10 60 20 
July 1952 5 5 30 | 15 40 20 
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was higher from November through March than it was during the 
summer and early fall. Field experience by ranchers, farm advisors, 
and others have consistently and emphi itically verified these obser 
vations. Seasonal changes in sensitivity appear to be similar with 
the two chemicals but the actual kills obtained with 2,4—D appeal 
to be slightly higher than for 2,4,5-T. 

With respect to plant kill, the kills are lower than for top kill, 
but the same seasonal trends are evident. It is apparent from the 
data that plant kill with 2,4,5—T was less than with 2,4—D; in other 
words, there appeared to be a greater tendency of the treated trees 
to sprout. An interesting aspect of treatment of trees at different sea 
sons of the year was the interval of time after treatment before signs 
of leaf kill were evident. Trees treated in April had dead leaves 
within | or 2 months, while trees treated in the late summer and 
later did not show appreciable leaf-kill until growth started in the 
spring. 

Fate of top-killed trees and sprouts of live oak 

A study was made of 75 trees treated in the summer of 1951 in 
which the tops were killed with 2,4-D and 2,4,5-T, but which 
developed basal sprouts. The purpose was to note when the tops 
died, when the trees developed sprouts, and to record the death 
of the sprouts. Data from these studies are presented in Table 5. 


Table 5. Percentages of top kill and sprouting of live oak trees. All applications 
of 2,4—-D and 2,4,5-T were made in August and September 1951. 


Years after treatment 
Observation 
1 ? 3 
Top kill 67 86 1 100 
Plants with sprouts 33 64 ( 4 
Time of sprouting 33 37 ? ) 
Death of sprouts (total) 0 ( g 3 


Trees (top kill) continued to die throughout the study period 
5 years. Since the major percentage died within 3 years alter treat 
ment, it is not anticipated that an appreciable proportion will die 
in future years. The increase in top kill was due to several causes 
including falling over from root injury or breaking off due to rot- 
ting; however, most of the tops died while the trees were still 
standing. 

Trees continued to initiate sprouts over the 5-year study period, 
most of which took place within 3 years after treatment. Because 
many of the trees that developed sprouts later had these sprouts 
die, at no time did all of the trees have live sprouts. More trees had 
live sprouts 3 years after treatment than at any other time. By 5 
years after treatment, less than one-half of the trees that had devel 
oped sprouts, still had live sprouts. This study does not conside 
“old” sprouts which were present at the time of the initial treat 
ment; some, but usually not all, of which died as a result of treating 
the trees. The death of both new and old sprouts is considered as 
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being due to the 2,4-D or 2,4,5-T in the wood being drawn by 
transpiratory pull into the sprouts. Preliminary bio-assay tests indi- 
cate that the bark and wood (near, but below the point of applica- 
tion) of the treated trees contained as much as 40 ppm 2,4—D 5 years 
alter treatment. The concentration of 2,4-D between cuts was | 
ppm, while a sprout in the process of dying contained 0.02 ppm ol 
extractable 2,4—-D. The method being used is based upon the reaction 
of cotton seedlings to a series of dilutions of purified extracts and 
compared with known dosages of 2,4—D. 

Some trees were treated in February 1952 with 2,4,5-T amine, 
with the chemical applied to cuts spaced every 6 inches around the 
trunks. The results were sufficiently striking to be worthy of presen- 
tation (Table 6). The data were recorded at different intervals 


Table 6. Effect of 2,4,5-T amine on the percentages of top kill and plant kill of 
interior live oak. Applications of 1 ml. per cut were made to cuts spaced 
6 inches apart in February 1952 


Years after treatment 


Observation 


following treatment. Results from this study indicate that most 
of the top kill took place within the first 214 years after treatment, 
but that there was a marked increase in plant kill between 214 and 
5 vears alter treatment. This indicates that many of the trees that 
had dead tops, had at some time, live sprouts. Some 2,4,5—T was still 
present in the wood 5 years after treatment, as indicated by some 
bio-assay tests. Over one-half of the trees and groups of trees (clumps) 
had fallen within 5 years alter treatment. 


Effect of spacing of cuts on black oak and madrone 

Experiments on black oak and madrone consisted of making com- 
parisons in kill between different chemicals applied to spaced cuts 
and to continuous cuts. Data from these studies are presented in 
Table 7. Treatments applied in March and November 1953 resulted 
in a high percentage of kill for both methods of application. There 
appeared to be little difference between 2,4—D and 2,4,5—T, although 
there was a sprouting of the madrones treated with the latter 
chemical. Top kill and plant kill were the same at the time the 
data were recorded, so only the latter data are presented. 

The results with 2-(2,4,5-TP) were interesting, although the 
amine and ester forms were not used at the same time. The ester 
of 2-(2,4,5-TP) proved to be poor, while the amine form appeared 
to be quite effective on both black oak and on madrone. The poor 


est kills were obtained by an application in July 1954; these results 
were anticipated on the _ of the seasonal cycle of sensitivity ol 
live oak reported in Table 4. All of the trees were cut with a chain 


saw in the summer of 1956 a no further readings will be possible. 
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Table 7. Plant kill of black oak and madrone by chemicals applied to spaced 
cuts and to continuous cuts. The quantity of chemical used was 1 ml. per 
inch of stem diameter. 


Black oak Madrone 
Chemical Spaced cuts Continuous cuts Spaced cuts Continuous cuts 
Plant kill Plant kill Plant kill Plant kill 
¢ ‘ ‘ ‘ 
March 1953 
2,4—-D amine 100 100 100 100 
2,4,5-T amine 80 100 g0 100 
2-(2,4,5-TP) ester | 0 0 »0 | 40 
November |! 
2,4-D amine.. 90 100 100 
2,4,5-T amine 90 100 100 100 
2-(2,4,5-TP) amine 100 100 100 1( 
July 1954 
2,4-D amine 100 100 80 gi) 
2,4,5-T amine 100 100 40 , 
2-(2,4-DP) amine 20 40 | 50 ) 
2-(2,4,5-TP) amine 100 100 80 100 


DISCUSSIONS AND CONCLUSIONS 


Application of phenoxy herbicide concentrates to cuts in the 
trunks of trees has proven to be generally effective against a wide 
variety of species in California. Results presented in the present 
paper are for those obtained on interior live oak, black oak, and 
madrone. Amine salts of 2,4—D, 2,4,5—T, and 2-—(2,4,5—-TP) all seem 
to be relatively effective. The amines appear to be superior to the 
esters, although an increase in dosage can overcome this difference. 
Because of cost, the 2,4-D amine is the favored chemical. Simila 
conclusions were drawn from studies conducted on blue oak (6): 
it is, also, the most effective chemical on digger pine (2, 8). 

The type of application made with the Cornell tool is similar in 
principle to those made in the present paper. By the use of this 
tool, Goddard (4) obtained some excellent kills on all species with 
an ester of 2,4,5—-T in diesel oil. The best kills were obtained using 
80 pounds of acid equivalent per 100 gallons of diesel oil, which 
was the highest concentration used. Darrow (1) reported that live 
oak (Quercus virginiana) could be killed with the esters of 2,4—D on 
2,4,5-T applied to notches or frills in the trunks during the dormant 
season. 

Spacing of the cuts was of appreciable importance, especially in 
relation to consistency of kill. Close spacing was superior to wide 
spacing, with continuous cuts being best, especially with summet 
treatments. The summer periods in California are almost rain-free, 
which reduces the moisture content of the sapwood. Tension in the 
xylem is considerable and to the extent that after being cut, a hissing 
sound is often heard due to air being drawn back into the wood. 
The chemical is drawn up and down in the wood, but lateral move 
ment is limited. The channels of movement can be observed later by 
stripping away the bark and noting the channels of markedly dis 
colored wood. Good kills can only be obtained by placing the cuts 
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quite close together and by using a rather high dosage. During the 
winter period, tension in the xylem appears to be less and the wood 
moist. Treatment during this period results in a much broader 
band of tissues killed than occurs during the summer. Another 
factor that likely influences relative effectiveness of winter and 
summer treatments with 2,4—D, is the slower rate of breakdown of 
the chemical during the winter period, such as has been reported 
by Weintraub et al. (9). 

It was originally thought that the chemicals applied to the xylem 
would be moved to the leaves and could be translocated to the roots 
through the bark; this suggested the necessity of leaving strips of 
uncut bark to make this type of movement possible. Evidently, this 
type of movement does not occur (with 2,4-D and 2,4,5—T), at 
least to any appreciable extent. Studies with radioactive 2,4—D* on 
live oak indicate that this compound translocates for only a short 
distance in the bark (7). The same type of evidence has been obtained 
by spraying branch tips of live oak with unlabeled 2,4—D and observ- 
ing the kill on the unsprayed portion for 2 or more years (7). Evi- 
dently, the wood is the primary tissue in which the chemicals are 
moved after being applied to the cuts, Shallow applications prob- 
ably resulted in most of the 2,4-D being broken down in the bark 
and in and near the cambium. Hay (5) arrived at a similar con- 
clusion, working with marabu; however, he did not mention the 
possibility that the nonphysiologic “bound” 2,4-D might become 
released eventually and become “free” 2,4—D again. That free 2,4—D 
and 2,4,5-T may persist for a long time in some tissues was demon- 
strated by the wood of live oak still containing these chemicals, even 
5 years alter treatment. 

Top kill occurred r apidly, especially when the applic ations were 
made in the spring. When applications were made in the fall or 
winter, no effect was evident until growth started in the spring. 
Sometimes the tops continued to die over a period of from 3 to 5 
years. Although the tops were killed, frequently this did not mean 
the trees were entirely killed, since sprouts often formed around 
the bases of the trees. Even though sprouts developed in many 
cases, many of these eventually died. In one experiment with 2,4,5—-T 
amine, a very high mortality of sprouts took place between 3 and 
5 years after treatment. The reasons for this delayed kill of sprouts 
seems likely to have been due to the 2,4,5—T still present in the wood 
being drawn into the sprouts in the process of transpiration. Other 
factors have undoubtedly contributed to the kill, including root 
injury, fungi, and browsing by deer. Delayed kills have previously 
been reported for live oak sprayed in the fall of the year with 2,4—D 
amine (3). Such kills do not occur when 2,4-D amine is applied 
during the active growing season. It appears likely that the “bound” 
2.4—D is eventually released, resulting in the death of the plants. 
That a 2,4—-D “binding” chemical develops in live oak after shoot 
growth ceases is certainly suggested by the results of Leonard and 
Crafts (7) and Emrick and Leonard (3). 

When sprouts are present near the bases of the trees at the time 
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of treatment, some of the sprouts around each tree are killed, but 
seldom all of them. It now appears that the best program to follow 
is to burn the site between 3 and 5 years after treatment; this will! 
open the area enough so that ground spray equipment might be 
used for controlling the regrowth—much of which may be species 
other than live oak, such as poison oak and evergreen shrubs. 


SUMMARY 

1. The effect of 2,4—D, 2,4,5-T, 2-(2,4-DP), and 2-(2,4,5—-TP) con 
centrates applied to cuts in stems of interior live oak, black oak, 
and madrone are reported in the present study. The relationship of 
spacing of the cuts, dosage, seasonal changes in sensitivity, and other 
factors were studied. 

2. Most dependable kills were obtained when all the bark was 
severed around the trunks. However, good kills could be obtained 
during the late fall and winter with the cuts spaced every 6 inches 
around the tree (a cut for each 6 inches of circumference). 

3. Best kills appear to be obtained when the chemicals are placed 
in the sapwood and when the cuts are made near the base of the 
trees. The latter item appears to be especially important for interior 
live oak and of lesser importance for black oak and madrone. 

4. Amine formulations were somewhat superior to ester formula 
tions; however, the advantage of the amines could be overcome by 
increasing the dosage with the esters. 

5. Although 2,4-D appeared to be generally the most satisfactory 
of the phenoxy herbicides studied, good results were obtained with 
2,4,5-T and 2-(2,4,5-TP) amines. The amines of 2-(2,4—-DP) and 
MCPA were less effective. Monuron and ATA appeared to be with- 
out any effect when applied to cuts in live oak. 

6. A considerable delay in sprout kill was evident in some cases. 
Considering all treatments, over one-half of the trees with dead tops 
that had basal sprouts, eventually died. The delay in death of the 
sprouts sometimes took from 3 to 5 years and was probably due to 
the free 2,4—D and 2,4,5—T present in the wood being drawn into the 
shoots by transpiratory pull. 

7. The trees appear most sensitive during the late fall and wintei 
to the cut surface method, and least sensitive during the summer. 
By increasing the dosage and applying the chemical to continuous 
cuts, the method can be reasonably effective at all seasons. 


ACKNOWLEDGMENT 


The author desires to express his appreciation to L. J. Gamble 
and John Allen for making their ranches available for these studies, 
and to L. Farrell, C. Hamilton and A. L. Johnston for their help 
in making the applications. 


LITERATURE CITED 


1. Darrow, Rospert A. Chemical control of live oak and shin oak in the Edwards 
Plateau. Proc. Southern Weed Conf. 8:269-277. 1955. 





LEONARD : HERBICIDE CONCENTRATES 303 


Emerick, WALTER E, An easy way to kill your bull (digger) pines. Univ. 

California Ext. Service Leaflet (Madera County) pp. 1-9. 1953. 
and Lronarp, O. A. Delayed kill of interior live oak by fall treat 
ment with 2,4-D and 2,4,5-T. Jour. Range Management 7:75-76. 1954. 

Gopparp, RAy E. Killing small undesirable hardwoods by the use of the 
Cornell Tool. Down to Earth 10(2):5. 1954. 

Hay, J]. R. Translocation of herbicides in marabu. I. Translocation of 2,4,5 
trichlorophenoxyacetic acid following application to the bark or to cut- 
surfaces of stumps. Weeds 4:218-226. 1956. 

LEONARD, Otiver A. Effect on blue oak (Quercus douglasii) of 2,4-D and 
2,4,5-T concentrates applied to cuts in trunks. Jour. Range Management 
9:15-19. 1956. 

and Crafts, Alden § rranslocation of herbicides. HI. Uptake and 
distribution of radioactive 2,4-D by brush species. Hilgardia 26(6): 366 
415. 1956 

and Harvey, W. A. Chemical control of woody plants in California. 
Calif. Agr. Expt. Sta. Bul. 755. = 1956. 

Weintraus, R. L., Remnnart, J. H., Scuerer, R. A., and Scnister, L. C. 
Metabolism of 2,4-dichlorophenoxyacetic acid. 3. Metabolism and persistence 
in dormant plant tissue. Plant Physiol. 29:303-304. 1954. 








Amino Triazole Salts and Amino Triazole—5—C" Studies 
on Pigment Production in Cotton 


C. S. MILLer and Wayne C. HAtu! 


B pe influence of 3—amino—1,2,4—-triazole (ATA) and eight of its 
salts or derivatives on defoliation and secondary growth in cot 
ton, the straight growth and respiration of Avena sections, and the 
respiration of cotton leaf discs were reported in a previous paper (6). 

It was found in earlier work (2) that ATA caused chlorophyll 
destruction and inhibited chlorophyll synthesis in the cotton plant. 
Cotton plants in the field often develop red coloration, particularly 
in the new growth, following treatment with ATA. This suggested 
that ATA also affects the anthocyanins. Translocation experi 
ments (2) in the greenhouse indicated that ATA was readily 
absorbed by the roots and aerial organs of the cotton plant; indirect 
evidence suggested that the compound was mainly transported 
upward. 

The present work was undertaken to study in some detail the 
effects of ATA and the acetate, phosphate, and sodium salts of ATA 
on the chloroplast and anthocyanin pigments of cotton leaves. By 
the use of radioactive ATA, direct evidence was obtained on the 
absorption and movement of ATA in the cotton plant and its 
influence on pigment synthesis. 


METHODS AND MATERIALS 


Pigment studies. Cotton plants were grown in fertile soil in 3-gallon 
jars in the greenhouse. When most of the bolls were mature, aqueous 
solutions of 1500 ppm concentrations (ATA equivalent basis) of 
ATA and its acetate, phosphate, and sodium salts were prepared, 
and plants were sprayed to run off. The low concentrations (1500 
ppm) of ATA and the salts were employed to allow some regrowth in 
the treated plants to take place. An unsprayed lot was used for 
controls. Seven days after application all undefoliated original foli 
age of the treated and control plants was removed by hand. 

Three weeks after application, when the new growth of the treated 
plants exhibited various degrees of chlorosis, the regrowth was col 
lected for pigment determinations. The methods used for the extrac 
tion, separation, and identification of chlorophylls a and b, the 
xanthophylls, and carotenes were modified slightly from those 
described by Loomis and Shull (5) and Highkin (3). Preliminary 
experiments with untreated cotton leaves had insured that the 
methods were reproducible and suitable for use for the chloroplast 
pigments of cotton. Equal aqueous dilutions of the saponified 
chlorophyllides of chlorophylls a and b were made for comparison 
of optical densities at 6600 A using a Beckman model DU 


spec trophotometer. 


‘Research fellow and Professor, Department of Plant Physiology and Pathology 
Texas A. and M. College System, College Station, Texas. 
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Paper chromatographic chloroplast pigment separation was also 
accomplished by the technique reported by Lind et al. (4). The 
plastid pigments were extracted from cotton leaves with acetone in 
a Waring blendor and transferred to petroleum ether. One-tenth ml. 
of the petroleum ether solution was placed at the origin of a 23 by 
23 cm. square of Whatman No. | filter paper previously washed with 
petroleum ether and dried. The filter paper was stapled together to 
form a cylinder and placed in a tightly covered widemouth gallon 
jar containing 100 ml. of developing solvent. In the first dimension 
petroleum ether followed by petroleum ether containing 1% N- 
propanol were used as solvents. The petroleum ether moved the 
carotenes far ahead of the other pigments, and development was 
stopped when the solvent was 20 cm. from the bottom of the paper. 
One volume percent N—propanol in petroleum ether separated the 
remaining pigments, and development was stopped when the solvent 
had moved 20 cm. from the bottom of the paper. The pigments were 
further separated by developing in the second dimension with 25 
volume percent chloroform in petroleum ether. The development 
was stop ped when the solvent had moved up about 16 cm. The paper 
was air dried after development in each of the successive solvents (4). 

Rf values were determined for each treatment after development 

petroleum ether, petroleum ether containing | percent N—pro 
panol, and petroleum ether containing 25 volume percent chloro 
form (4) 

Anthocyanin pigments from regrowth leaves of ATA-treated and 
control plants were extracted by a slight modification of the pro- 
cedure reported by Thimann and Edmondson (11), Regrowth leaves 
were harvested and shredded slightly before extracting for 3 to 4 
hours with occasional stirring with 0.1 N HCl (10 ml. for each gram 
of fresh tissue). The mixture was then filtered. The filtrate contain- 
ing the anthocyanin pigments was used for determining their absorp- 
tion spectra with a Beckman DU spectrophotometer. After the 
absorption spectra were determined, 0.1 ml. of the filtrate was placed 
at the origin of a strip of Whatman No. | filter paper (3 by 23 cm.) 
and chrom: itographed using a butanol-acetic acid-water (40: 10: 50 
v/v) solvent method de scribed by Bate-Smith (1) 

Radioactive amino triazole studies. Radioactive 3—amino—1,2,4—tria- 
zole-5-—C", with a specific activity of one millicurie per millimole, 
synthesized by Tracer Lab, Inc., was used in the studies. 

Cotton plants, four per 3-gallon jar, were started outside the 
greenhouse and moved inside for the C™ studies. The leaves of some 
of the plants were removed to obtain a five-leaf uniformity on each 
plant. The lower two leaves were treated with 1500 ppm solution 
of ATA containing a radioisotope concentration of 3.6 x 10° counts 
per minute per ml. of treating solution. The solution was applied 
to the upper surface of the leaves with a small camel-hair brush. 

12, 24, 48, 72, and 168 hours after application, one plant was har- 
vested and pressed in a plant press while drying in an oven at 65° C. 
for a period of 24 hours. The harvest operation consisted of pulling 
the entire plant, washing the roots, and subdividing into the stem, 
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root, and leaves. One of the two treated leaves of each plant was 
washed thoroughly in distilled water, the other was left unwashed 
to determine the relative amounts of ATA absorbed and remaining 
on the leaf surfaces. After drying, the various parts were glued in 
position on a cardboard sheet and exposed to X-ray film for 13 days; 
after this period, the film was developed. 

In another experiment six jars each containing four greenhouse- 
grown cotton plants per jar were placed in a plastic chamber two 
days before treatment with radioactive ATA. The treating solution 
of 1500 ppm ATA, which had an activity of 3.5 x 10° counts pei 
minute per ml., was applied to the upper surface of the leaves with 
a small camel-hair brush. One day after treatment the leaves were 
harvested and the pigments were solvent-extracted and separated 
(3, 5). The amount of radioactivity associated with each fraction was 
determined with a Geiger tube of 0.2 mg/cm? window thickness 
(Micromil, Nuclear-Chicago) attached to a Decade scaler, Nucleat 
Model 181. Chromatographic pigment separations from _ plants 
treated with radioactive ATA were also accomplished by the method 
described by Strain (9) using petroleum ether and | percent N—pro- 
panol. After the original leaves were removed, these same plants 
were then allowed to remain in the chamber in the greenhouse fo 
three weeks to permit regrowth. The regrowth leaves from the same 
plants were harvested, the pigment separations made, and the radio 
activity of the fractions counted as described above. 


RESULTS 

Chloroplast pigment studies. The optical densities of chlorophyllides 
a and b from equal aliquots of extracts of regrowth leaves from 
untreated cotton plants and those treated with 1500 ppm ATA and 
the acetate, phosphate, and sodium salts of ATA are presented in 
Table 1. Compared to the controls, ATA and its salts reduced the 
relative amounts of both chlorophylls. The optical density measure 
ments confirmed the visual chlorotic appearance of the regrowth 
leaves; the plants treated with the sodium salt of ATA were clearly 
the most chlorotic, and the plants treated with ATA and the acetate 
salt were the least chlorotic. 

Chromatograms showing final separation of the chloroplast pig 
ments of the cotton leaves by the two dimensional method of Lind 


Table 71. The optical ‘densities of chlorophyllide a and 4 solutions, prepared 
from regrowth leaves of cotton plants treated with 1500 ppm ATA and its 
salts, as measured in a Beckman model DU spectrophotometer. 


Optic al densities of equal iliquots at 6G00A 
Treatment 
Chlorophyllide a Chlorophyllide 4 
Non-treated controls 0.64 0.07 
AT / 0.42 00 
Acetate salt of ATA 0.53 0.02 
Phosphate salt of ATA 0.30 0.02 


Sodium salt of ATA 0.02 0.01 
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Figure 1. Tracings of paper chromatographic separation of the chloroplast pig 
ments of the cotton leaf. Left—two dimensional separation by method of Lind 
et al. Right—single dimensional separation with 1% n—propanol in petroleum 
ether (modified method of Strain). 


et al. (4) and the one dimensional method of Strain (9) are shown 
in Figure 1. The two dimensional separation of pigments by the 
Lind et al. (4) method resulted in clear, well defined and well sepa- 
rated spots containing the plastid pigments. There were no great 
differences in Rf values of the pigments from treated regrowth as 
compared to the normal regrowth leaf pigments, with the possible 
exception of the chlorophyll a fraction from the leaves of plants 
treated with the sodium salt of ATA and the chlorophyll 6 fraction 
in solvent 2 (Table 2). Chlorophyll a from the plants treated with 
the sodium salt moved less in petroleum ether on paper than chloro- 
phyll a from the controls and more than the normal chlorophyll a 
in petroleum ether containing 1% N-—propanol. 

The position of chlorophyll a from treated leaves on the chro- 
matograms, as indicated by the Rf values, was different from that 
shown by Lind et al. (4). This was apparently due to the oxidation 
of the pigment while on paper for a period of several hours. The 
oxidation of chlorophyll a changed its position, after final move- 
ment in 25 volume percent chloroform in petroleum ether, to 
coincide with the position occupied by the ultra violet-fluorescing 
spot reported by Lind et al. (4); this fluorescing spot was found on 
chromatograms made from regrowth leaves of normal, untreated 
cotton (Figure 1). No other ultra violet-fluorescing spot was detected 
on chromatograms made from regrowth leaves of plants treated with 
\TA or the salts used. 

Although the single dimensional method of Strain (9) resulted in 
fair separation of pigments from cotton leaves (Figure 1), the chloro- 
phyll a spot slightly overlapped that of the xanthophylls. The Strain 
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Table 2. Comparison of Rf values of plastid pigments from untreated cotton 
leaves and leaves of plants treated with 1500 ppm ATA or its salts. Sol- 
vent 1: petroleum ether. Solvent 2: 1% n-propanol in petroleum ether. 
Solvent 3: 25 volume per cent chloroform in petroleum ether. 


; Rf value 
Pigment Treatment 
Solvent 1 Solvent 2 Sols 
Chlorophyll a Untreated control 0.25 0.78 
ATA 0,22 0 
Acetate salt of ATA 0.23 0 0.94 
Phosphate salt of ATA 0.23 0.57 0.94 
Sodium salt of ATA 0.14 0.91 0 
Chlorophyll ¢ Untreated control 0.14 0 
ATA 0.16 0.00 ) 
Acetate salt of ATA 0.15 0.01 ) 
Phosphate salt of ATA 0.16 0.13 0.0 
Sodium salt of ATA 0.13 
Carotenes Untreated control 0.96 
ATA 0.97 0 
Acetate salt of ATA 0.96 0.91 
Phosphate salt of ATA 0.96 ( 
Sodium salt of ATA 0.96 
xX inthophylls Untreated controls , 
ATA ) 


Acetate salt of ATA 0 ) 
Phosph ite salt of ATA BO 
Sodium salt of ATA 


method was used in the separation of pigments from plants treated 
with radioactive ATA because of its ease and the speed of separation 
of the pigments as compared to the method of Lind et al. (4). 
Anthocyanin studies. During the separation of pigments from 
regrowth leaves of treated plants, a red coloration remained in the 
acetone extract after separation of the acetone-petroleum ether frac 
tions in the first transfer of pigments, whereas the red coloration was 
absent from the acetone extract of untreated cotton regrowth leaves 
The red pigment in the acetone extract of \TA-treated leaves was 
identified as an anthocyanin by knowledge of its properties and by 
qualitative tests. 

The material extracted from the regrowth leaves was insoluble 
in ether, but was soluble in water and dilute acid. Dilute HCI con 
verted the colorless glucosidic form of the pigment to the red colored 
form. The red colored form turned blue when the solution was 
made basic. The slightly acidic solution became colorless with the 
addition of a small amount of zinc dust. These tests suggest that the 
material was an anthocyanin which was colorless in the glucosidi« 
form in the leaves but changed to the red anthocyanidin form when 
extracted with dilute HCI. 

The absorption spectra of the dilute HCl extracts trom ATA 
treated and control regrowth leaves are illustrated in Figure 2. 
Comparison of the two curves indicate that there is an increased 
production of anthocyanin following the application of ATA to 
cotton plants. Although there was approximately twice as much 
anthocyanin in the regrowth leaves from ATA-treated plants as in 
normal leaves, the inflections of the curves indicates little alteration 
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in the properties of the anthocyanins due to treatment with ATA. 
Further evidence against a change in chemical composition of antho 
cyanin was shown by identical Rf values of 0.28 found when the 
anthocyanin fractions from treated and normal regrowth leaves 
were chromatographed on paper using the butanol-—acetic acid- 
water mixture as the mobile phase (1). 
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Figure 2. Absorption spectra of anthocyanidins extracted from untreated regrowth 
leaves and regrowth leaves of cotton plants treated with 1500 ppm ATA. Points 
on the curves were determined at units of 10 millimicrons with a Beckman Dl 


spectrophotometer. 


Radioactive studies. Radioautographs, shown in Figure 3, of the 
various parts of cotton plants treated with radioactive ATA indi- 
cated translocation of ATA mainly to the younger tissues of the 
shoot. Much of the detail of the original negatives was lost in mak- 
ing a composite print. The single digit numbers from | to 5 indicate 
the original position of the leaves on the stem and correspond 
to the second digit designating the detached leaves. The older, 
untreated, fully expanded leaves (leaves 3 and 4) which were intact 
at time of treatment, contained very little of the radioactivity. The 
light appearance of the stems and veins was believed to be due 
principally to the thickness of tissue which blocked the weak C™ 
radiation. Radioactivity was found in the terminal portions of the 
plant by the end of the first day (Figure 3A) and increased in the 
young growth up to seven days (Figure 3B and 3C). It is conceivable 
that under normal field conditions of higher transpiration that a 
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Figure 3. Radioautograms of parts of cotton plants after application of radio 
active ATA to the two lowermost leaves (leaves | and 2). Single digit numbers 
indicate the original leaf positions on the stem at time of treatment and corre 
sponds to the leaf number (second digit of the two digit numbers). A. After | 
day. B. After 3 days. C. After 7 days. D. Washed treated leaves. 


greater amount of ATA would be translocated in a shorter time. 
The high radioactivity of treated leaves that were thoroughly washed 
(Figure 3D) showed that considerable ATA was absorbed in a rela 
tively short time after application, although the washings also 
contained activity. 

The radioactivities of pigment-containing extracts trom the origi 
nal leaves harvested one day alter treatment with radioactive ATA 
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are given in Table 3. The original acetone extract containing all 
of the plastid pigments accounted for about one-tenth of the radio- 
activity applied to the leaves. The majority of the activity of the 
original extract remained in the acetone and water washings after 
transfer of the pigments to petroleum ether, indicating that the 
activity was extracted with water or was associated primarily with 
constituents of the leaves other than the pigments. The petroleum 
ether extract retained only about one-sixth of the original activity 
that was extracted by acetone. . 


Table 3. Radioactivities of pigment-bearing extracts from the original cotton 
leaves and the regrowth leaves produced after 3 weeks in the greenhouse. 


Counts per minute 
Extract 


Per 0.5 ml. Total 
Original leaves 
Original acetone extract 314 78,500 
Acetone and H20O after transfer to petroleum ether 221 55,250 
Petroleum ether 56 14,000 
1.1 em. of dried residue 664 
Regrowth leaves 
Original acetone extract 60¢ 
Acetone and H:2O after transfer to petroleum ether 399 
Chlorophyll a 86 
Carotene 31 
Chlorophyll 6 and xanthophyll 109 
HCl (anthocyanins 156 


Background count 


The activities of 0.5 ml. aliquots of the other pigment fractions 
were too low to count alte separi ation. The total activity remaining 
in the leaf residue after extraction could not be calculated due to 
a lack of a thickness correction factor. Oxidation of the tissue 
to carbon dioxide and conversion to barium carbonate was not 
attempted in the present experiments. However, since only about 
one-tenth of the activity applied to the leaves was removed in the 
acetone extract, it was assumed that the balance of the activity 
remained in the residue after extraction, minus what was transported 
to apical plant parts. 

Pure ATA is insoluble in acetone. The activity of the acetone 
extract, therefore, can be accounted in only the following ways: 
some of the ATA either had been metabolized or was altered, was 
in a combined form, or there was suflicient water from the leaf 
tissue in the acetone extract for ATA to be removed. 

Table 3 shows the radioactivities of the pigment-bearing extracts 
from the regrowth leaves harvested three weeks alter treatment. The 
total activity of the 6 grams of regrowth leaves was small, probably 
because of impaired translocation in the high humidity of the plastic 
chamber. The major portion of the activity extracted by the acetone 
remained in the acetone alter transfer of the pigments to petroleum 
ether. Only a small portion of the activity remained associated with 
the different pigment fractions after their separation in the different 
solvents. The anthocyanin-bearing HCI extract of a portion of the 
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regrowth leaves contained only about one-third of the activity found 
in the acetone extract. 

One-tenth ml. aliquots of the extracts from both the original and 
regrowth leaves were chromatographed in one dimension on filtei 
paper (9). Radioactivities associated with the pigment spots were too 
low to count. It was found that a small amount of the original radio 
active ATA treating solution chromatographed with the same 
solvent (9) did not move from the origin. 


DISCUSSION 


Chromatographic separation of the plastid pigments from cotton 
leaves showed that the total concentration of chlorophylls a and b, 
carotenes, and xanthophylls was reduced by ATA treatment. The 
reduction in the carotenes and xanthophylls, although not deter- 
mined colorimetrically, was apparent visually on the paper chro- 
matograms. It was also apparent from both the colorimetric meas- 
urements and from chromatograms that chlorophyll a content was 
reduced comparatively less by ATA than the other chloroplast 
pigments. 

An apparent oxidation of the chlorophylls prior to or during the 
chromatographic separation on paper with petroleum ether was 
noted. Prior impregnation of the paper with sucrose alleviated the 
oxidation but did not prevent it. The oxidation is characterized by 
loss of fluorescence under ultra violet light. It was after movement 
of the chlorophylls in petroleum ether that they lost their chara 
teristic red fluorescence. The second dimensional movement, in 
which chloroform is used, restored a portion of the fluorescence to 
chlorophyll a as indicated by the fluorescing spot which separated 
distinctly from the slightly oxidized chlorophyll a spot. The fluores 
cing spot in the position described by Lind et al. (4) was not found 
on the chromatograms made with extracts from regrowth leaves ol 
ATA-treated plants, but oxidation of chlorophyll a changed its 
position, after movement in the second dimension, to coincide with 
the red fluorescing spot. 

It is possible that a structural change may result from the addi 
tion of ATA to a keto or other group on the chlorophyll molecule. 
The radio-chemical studies, however, showed that the pigment spots 
on chromatograms had only negligible activity. 

In the pigment separation of regrowth leaves from ATA-treated 
plants, the red color remaining in the acetone layer after transfer 
to petroleum ether was identified as an anthocyanin. There was no 
apparent red coloration in the separated acetone extract from nor 
mal regrowth, nor was there a visible color in the regrowth of treated 
plants in the greenhouse. The anthocyanins extracted with HCI trom 
chlorotic regrowth leaves was assumed to be in the colorless gluco 
sidic form, which was converted to the red anthocyanidin by the 
dilute acid extraction. The anthocyanins increased at least two-fold 
in plants treated with ATA, but were unaltered by treatment as 
identical Rf values of 0.28 were obtained for extracts from control 
and treated leaves when chromatographed, and both turned blue 
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when exposed to ammonia fumes. It should be pointed out that 
the normal regrowth leaves were much larger and in a different stage 
of physiological maturity than the smaller, inhibited regrowth leaves 
from treated plants. This may also have had some influence on the 
difference in anthrocyanin content. 

The over-all effect of ATA appears to inhibit the formation of 
the plastid pigments but to increase the anthocyanins. The effects 
of ATA on sugar accumulation (2) and possible complex formation 
with glucose no doubt are involved in the increased production of 
the anthocyanins. 

The radioautograms indicated fairly rapid absorption and trans- 
location of ATA after application to the basal cotton leaves. The 
uniformity of distribution of the activity in meristems and young 
tissues of the shoot suggested that ATA was associated with or had 
become a part of the constituents of new tissue. The extremely low 
activity in the roots showed clearly that under the conditions of the 
experiment there was little basipetal movement of ATA within one 
week after application to the lower leaves. This was also the con- 
clusion of previous work (2) in which conventional methods were 
used to study translocation of ATA in cotton. Work with other 
species, however, indicates considerable movement of ATA to the 
roots or underground structures (8). , 

It is apparent that there are two types of chlorosis caused by ATA. 
One is the destruction of chlorophyll occurring shortly after the 
application of high rates, particularly under conditions of high 
light and temperature. The second, investigated in the present 
study, is a systemic type, which results from sub-lethal doses. This 
chlorosis is a manifestation of inhibited synthesis of both the 
chlorophylls and the carotenoids. 

In earlier work (2) it was suggested that ATA might be substi- 
tuting as a pyrrole in the formation of the porphyrin structure of 
chlorophyll. From their studies, Sund et al. (10) concluded that ATA 
may affect the physiological processes of a plant in three different 
ways: (1) It may act as a precursor in the formation of some por- 
phyrin similar to chlorophyll but unable to carry on the functions 
of chlorophyll. (2) It may complex some metal(s) required for the 
development of chlorophyll: or complexing with them form a pre- 
cursor in chlorophyll synthesis. (3) It may upset some oxidation- 
reduction reactions within the plant. From the present work with 
C'-labeled ATA, the posibility that ATA is acting as a precursor 
in the formation of an abnormal porphyrin appears to be remote. 
Also based on the previous study (2), the results suggest, although 
not conclusively, that inhibition of chlorophyll synthesis is not 
entirely due to its complexing of a necessary metal. As pointed out by 
Rogers (7), ATA may inhibit plastid developme nt. This may explain 
the “inhibition of carotenoid synthesis as well as chlorophyll synthesis 
by ATA. 

Activity in the acetone soluble fraction indicated possible complex 
formation with organic compounds. It is apparent that a detailed 
study of possible complex formation with sugars, proteins, and 
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nucleic acids would aid in understanding the role of ATA in the 
fundamental enzymatic reactions involved in growth and pigment 
synthesis. It has already been established that ATA affects oxidation 
reduction reactions such as respiration (2). Undoubtedly, othe: 
enzyme systems are also affected by ATA. 


SUMMARY 


1. The chloroplast pigments of cotton regrowth leaves from AT A- 
treated plants were greatly reduced from normal as shown by papet 
chromatography, visually, and from the optical densities of the pig 
ment extracts. The chlorophyll a content of regrowth leaves was 
reduced the most in plants treated with the sodium salt of ATA and 
least when the acetate salt of ATA was used. Two dimensional chro 
matography showed no great qualitative differences in the plastid 
pigments from ATA-treated and control leaves. 

2. There was an approximate two-fold increase in the anthocyanin 
content of regrowth leaves following treatment with ATA and ATA 
salts. Rf values and absorption spectra indicated that the chemical 
composition of the anthocyanin fraction was unaltered by ATA 
treatment. 

3. Radioautographs showed primarily an acropetal movement ol 
ATA within 24 hours after application to basal leaves. 

4. Extremely low C" activity from labeled ATA in the separated 
pigment fractions from regrowth leaves of treated plants indicated 
little likelihood that ATA was entering directly into the structure 
of the pigments. The presence of ATA in the acetone extract 
suggests that ATA was structurally altered or was combining o1 
complexing with other plant constituents. 
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Some Effects of 2,2-Dichloropropionic Acid 
on Soil Microorganisms’ 


A. D. WorsHAM and JorL GippENs? 


HE increasing use of dalapon (sodium salt of 2,2-dichloropropi- 
onic acid) by farmers and agricultural workers has stimulated 
interest in its effect upon the soil microflora and soil microbiological 
processes. Thiegs (7) and Holstun and Loomis (3) concluded that 
dalapon is broken down by an undertermined fraction of the soil 
microbial population, Magee and Colmer (4) reported that dalapon 
at rates higher than those used in field applications, was toxic, as 
measured by manometric methods, to certain species of Azotobacter. 
Smith, Dawson, and Wenzel (6) reported the effects of several other 
herbicides on soil microorganisms under laboratory conditions. 
Since information regarding the effect of dalapon on soil micro- 
organisms is meager, the experiment reported in this paper was set 
up to determine if relatively large dosages of dalapon would have 
a harmful or beneficial effect upon the numbers and some of the 
functions of the broad groups of soil microorganisms. 


MATERIALS AND METHODS 


Sixteen 2-gallon glazed stoneware pots were each filled with 20 
pounds of Cecil sandy loam soil which had been partially air dried 
and passed through a 4-mesh screen. One hundred pounds per acre 
each of N as ammonium sulfate, P,O; as super phosphate, and K,O 
as muriate of potash were added and uniformly mixed with the soil 
in each pot. The fertilizer was applied on a weight of soil basis 
assuming 2,000,000 pounds as an acre. Tap water was added to each 
pot in portions until a total of 1500 ml. had been added. The dala- 
pon, at rates of 17, 34, and 68 pounds active ingredient per acre on 
a surface area basis, was sprinkled on the soil in 250 ml. water. 
Another 250 ml. of water was added to each pot after the dalapon 
treatment bringing the soil to approximately field capacity. The 
pots were watered as needed throughout the experiment with dis 
tilled water. Four replications of each treatment plus control pots 
which received no dalapon were set up in a completely randomized 
design in the greenhouse on June 21, 1956. The greenhouse tempera- 
ture varied from approximately 80° F. at night to daytime tem- 
peratures of 95° F. with a few days reaching 103° F. 

To determine the effect of the chemical on the soil microbial 
population of bacteria, actinomycetes, and fungi composite soil 
samples were taken from the pots | day, | week, and 3 weeks alter 
treatments. The samples were taken from the surface to 2 inches in 
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depth. Plate counts of the soil microbial population were made 
using 5 plates of Thornton’s medium (1) per treatment for each 
replication. Bacteria, actinomycetes, and fungi were counted at 
1:100,000 dilution after 4 days incubation at room temperature 
(approximately 30° C.). Rose Bengal-streptomycin medium (1) was 
also used for counting fungi at the 1 week sampling period (at 
1:4000 dilution). 

In order to study the effect of dalapon on symbiotic nitrogen-fixing 
bacteria, the pots were arbitrarily divided into quarters, soybeans 
were planted in each pot | day, 1 week, and 3 weeks after applying 
dalapon treatments. Ten inoculated seeds per pot were planted at 
each date. The surviving plants were harvested August 10, (50 days 
from the beginning of the experiment) and their nodulation rated. 
The rating scale was as follows: good = 10, fair = 7, poor = 4, 
none = l. 

For determining the effect of dalapon on the nitrifying bacteria, 
the nitrate nitrogen levels of the soil were determined before dala- 
pon treatment, | week after treatment and 3 weeks after treatment. 
As ammonium sulfate was applied uniformly to the soil, any differ- 
ences in nitrate nitrogen content should be due mainly to differences 
in numbers and activity of the nitrifying bacteria. The nitrate 
nitrogen was determined by the phenoldisulfonic acid method of 
Prince (5). 


RESULTS AND DISCUSSION 


From the data shown in Table | it is evident that treating the 
soil with dalapon had no adverse effect on the total soil population, 
(combining bacteria, actinomycetes, and fungi). None of the treat- 
ments significantly differed from the check for each respective date 
of plating. The high microbial count which occurred in the first 
plating | day after treatment is assumed to be due to a high count 
initially in the field soil. The trend toward higher mean number of 
microorganisms for the 68-pound dalapon treatment at the I-week 
date of plating seems to indicate a microbial build-up, but it was 
not statistically significant. Results for the 3-week date of plating 
again are similar to the first plating in their relationship to each 
other. Differences in microbial numbers between dates of sampling 
correspond to weather conditions during the experiment. Micro- 
organisms were reduced in the soil by a series of hot days when air 
temperatures in the greenhouse reached 102° F. and above, just 
before the second plating was made. A series of cooler, cloudy days 
preceded the third plating. 

Bacteria counts (Table 1) follow about the same pattern as for the 
total microorganisms. However, in the first plating, after 1 day, and 
in the third plating, 3 weeks after treatment, the numbers of bac- 
teria for the 17 and 34 pound dalapon rates respectively, were sig- 
nificantly higher than the control. The number of actinomycetes 
(Table 1) for the 68-pound treatment was significantly higher 
aa the control at the 1 week sampling period, possibly due to 
stimulation by the dalapon. 
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Table 7. Effect of dalapon applications on total microbial population, on soil 
bacteria and on soil actinomycetes. 


Dalapon Count x 100,000 


Organism lbs /A, 
After 1 day 


After 1 week After 3 weeks 


Total population Control 260 81 166 
7 281 78 192 
34 2R4 79 195 
68 258 110 170 
Soil bacteria Control 219 64 142 
7 239* 56 166** 
34 232* 5 174** 
68 212 82 142 
Soil actinomycetes Control 40 15 23 
7 37 0 4 
34 49 20 18 
68 42 24** 


*Significantly higher than the control at the .05 level of probability 
**Significantly higher than the control at the .01 level of probability. 


The soil fungi (Table 2) were significantly higher than the con 
trol 1 day following treatment for the 17 and 68 pound dalapon 
levels. No explanation is offered for this phenomenon. There was 
a trend for an increase in fungi for the 68 pound dalapon level | 
week after treatment as shown by counts on both Thornton's and 
Rose Bengal media. 


Table ?. Effect of dalapon applications on soil fungi. 


Thornton’s medium Rose Bengal-Streptomycin 
Dalapon Count x 100.000 Count x 4,000 
Ib/A 
June 22 June 29 July 3 June 
after 1 day after 1 week) after 3 weeks ifter 1 week 
Control 3.3 2.6 2 2 
17 4.3* 2.4 2.0 "4 
44 3 2.1 2.8 
r) 4 Q** 24 2.9 34 
*Significantly higher than control at .05 level of probability 


**Significantly higher than control at .01 level of probabilit 


Soybeans planted | day, | week, and 3 weeks after dalapon appli 
cation were uniformly nodulated. The data in Table 3 therefore, 
show the average nodulation ratings with dalapon treatments for all 
dates of planting. There were essentially no differences in nodula- 
tion in relation to dalapon treatment. The seemingly better nodu 
lation of soybeans growing in dalapon treated soil is misleading. 
The reduced nodulation of the control plants is explained from the 
fact that the healthy plants from early plantings in the same pot 
competed seriously with the younger plants, thereby reducing nodu 
lation. Soybeans which were planted immediately after dalapon 
treatment were severely injured with some killing, but from Figure | 
it can be seen that after 3 weeks the toxic effect of the herbicide 
had disappeared. 
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/ able 3. Effect of dalapon applications on nodulation of soybeans. 


Dalapon Nodulation 
Ib/A rating 
Control 6.7 
> 8.0 
4 8.5 
68. 3 


‘Rating scale: Good = 10, fair ), poor = 4, none = 1 





Figure 1. Soybean plants grown in pots receiving 0, 20, 40, and 80 pounds dalapon 
(0, 17, 34, and 68 pounds active ingredient) per acre. Young soybeans planted 
3 weeks after dalapon treatment (shown on front side of each pot except in 
pot on right where they are on right side) show no toxicity symptoms. Those 
planted | day and | week after dalapon treatment show toxicity at all rates. 


Any deleterious effect of dalapon on the symbiotic relationship of 
rhizobia on soybeans would probably be caused by the action ol 
the herbicide through the medium of the plant and not directly 
on the bacteria. This was the relationship concluded by Carlyle 
and Thorpe (2) when working with the effects of 2,4—-D on legumes 
and rhizobium bacteria. 

Nitrification as reflected by the soil nitrate content was not influ- 
enced significantly by dalapon (Table 4). There was a trend, how- 
ever, for reduced nitrate contents at the 1 week period for the 68 
pound dalapon rate. After 3 weeks this effect had disappeared. The 
overall nitrate content of soils at the third sampling was reduced, 
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probably by plant uptake. The plants in the control treatments 
being larger took up the greatest amount of nitrates. 
§ targ I w 


Table 4. Nitrate content of dalapon treated soil. 








Dalapon | Ppm Ppm 
Ib/A after 1 week | After 3 weeks 
Control 201 59 
17 189 76 
34 176 83 
68.. : | i30 73 





As dalapon toxicity to soybeans had disappeared in 3 weeks, a 
build-up in microorganisms using it as energy should have occurred 
rior to that time. Actinomycetes were the only group significantly 
increased by dalapon at the | week sampling period. They may have 
played a role in decomposing the compound. 


SUMMARY AND CONCLUSIONS 


Dalapon at rates of 0, 17, 34, and 68 pounds per acre were added 
to Cecil sandy loam soil in the greenhouse. Soybeans were planted 
1 day, 1 week, and 3 weeks after the dalapon treatments. 

There was no effect of dalapon on the overall soil microbiological 
population except possibly to stimulate growth in some cases. 
Nitrates showed a trend toward being reduced in soil after | week 
for the highest rate of application. The fact that nitrates were as 
high in the pots treated with high rates of dalapon 3 weeks after 
treatment would indicate that the effect, if any, on nitrifying bacteria 
was temporary. There was no effect of dalapon on nodulation. 

It is concluded that there is no harmful effect of recommended 
applications of dalapon on soil microorganisms, especially under 
climatic conditions that allow the microflora to break down the 


compound rapidly. 
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The Leaching of Monuron from Lakeland Sand Soil. 
Part I. The Effect of Amount, Intensity, and 
Frequency of Simulated Rainfall’ 


R. P. UpcuHurcu and W. C. Prerce? 


7 rate of disappearance of a herbicide from soil is one of the key 
properties in determining its utility. In some cases it is desirable 
that a selected herbicidal concentration be maintained in the soil 
as long as possible. In other cases, rapid dissipation is desirable after 
a given effect has been produced. Leaching is a primary factor in the 
removal of many herbicides from soil (3, 5, 6). 

Many studies have been conducted on the rate of leaching of 
herbicides from soil (2, 3, 4, 5, 6, 7). These studies have been con- 
cerned primarily with the effectiveness of a given amount of water 
in moving herbicide into and through a particular soil. Little atten- 
tion has been given to the experimental conditions which might 
affect the results. Such factors as intensity and frequency of rainfall, 
soil temperature, soil density, rate of herbicide and soil moisture 
content have received inadequate emphasis. 

The studies reported herein were undertaken to investigate the 
relative importance of rainfall in removing monuron [3-—(p-—chloro- 
pheny!)-1,l-dimethylurea] from Lakeland sand soil. Special consider- 
ation was given to the attendant factors of rainfall frequency and 
intensity. Experiments reported in the literature show that the 
substituted urea herbicides are resistant to leaching. These experi- 
ments have been conducted with soils having higher clay and/or 
organic matter content than Lakeland soil (4, 6). 


MATERIALS AND METHODS 


Lakeland sand soil to be used in leaching experiments was col- 
lected from a typical soil site in Northwest Florida. Samples were 
taken from each of six layers having the following depths: 0 to 2, 
2 to 4, 4 to 8, 8 to 12, 12 to 24, and 24 to 36 inches. 

The soil from each depth was air-dried, screened, and stored in 
closed containers until used. Soil columns 3 inches in diameter and 
36 inches high were reconstituted in the laboratory from air-dry 
soil. For this purpose, six sections of monel metal pipe were used 
for each column. The wall thickness of the pipe was 3/16 inch. The 
ends of each pipe section were machine tooled to produce a flat 
surface so that the sections would be stable when stacked one on 
the other. Stop-cock lubricant was used between the metal sections 
to make a watertight seal. The two lower soil layers were packed 


‘Research conducted by the United States Air Force Armament Center, Elgin 
\ir Force Base, Florida. Approved for publication by Major General Edward P. 
Mechling, Commander. Appreciation is expressed to Dr. D. D. Mason, Department 
of Statistics, North Carolina State College for his assistance in the statistical 
treatment of the data. 

*First Lieutenants, United States Air Force. 
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in 12-inch sections, the two intermediate layers in 4-inch sections 
and the two upper layers in 2-inch sections. 

An aqueous stock suspension of monuron containing 40.885 g/L 
was prepared prior to initiation of experimentation. This suspension 
was used throughout all experiments to prepare aliquots for each 
column and was stored at 2° C when not in use. For each experiment 
the stock suspension was warmed to room temperature and appro- 
priately diluted so that the desired amount of monuron could be 
applied to each column in a 5.0-milliliter volume. Normally, 20.44 
milligrams of monuron (40 Ib/A) was applied to the top of each 
column by uniformly dispensing it over the soil from a 5-millilites 
pipette. 

Twenty-four hours after the addition of herbicide to the soil su 
face, simulated rainfall additions were started. Generally, a total of 
t inches of simulated rainfall was applied to each column of air-dry 
soil. This amount of water had been determined in preliminary 
experiments as the amount required to just wet the entire soil vol 
ume in the 36-inch column. The desired quantity of water was dis- 
persed over the soil surface using a I-pint polyethylene bottle having 
22 uniformly spaced perforations in the bottom. The diameter of 
each perforation was estimated to be 1/16 inch. The bottles were 
supported above the columns by an extra 2-inch section of pipe 
mounted on top of each column. A 1/2-inch application of simulated 
rainfall (58-milliliters) drained from these bottles in approximately 
3 minutes at atmospheric pressure. 

The six sections of each column were disassembled 24 hours after 
the final water application had been made. A thin brass plate was 
used to separate the sections, and each section of soil was spread on 
an aluminum plate and allowed to air dry for a 48-hour period. 

A representative 50.00 gram soil sample from each section was 
refluxed for 1.5 hours in a |-liter round-bottom flask containing 60 
grams of reagent grade sodium hydroxide dissolved in 240 milliliters 
of distilled water. This treatment resulted in the hydrolysis of 
monuron to p-chloroaniline, carbon dioxide, and dimethvlamine 
The resulting p—chloroaniline was collected by boiling the refluxed 
mixture at an elevated temperature until 70-milliliters of distillate 
had been collected in 8.3-milliliters of reagent grade concentrated 
hydrochloric acid. After dilution to a 100-milliliter volume, the 
samples were analyzed according to the method of Bleidner et al. 
(1) and determined spectrophotometrically on a Beckman DU 
spectrophotometer. Untreated soil samples from each depth were 
analyzed periodically and the averages of these analyses were used as 
soil banks. 

All experiments were conducted in an air-conditioned laboratory 
in which the temperature varied from 65 to 75° F. Tap water was 
used as a source of simulated rainfall. Each experiment was repeated 
two or three times. 

The Lakeland sand soil used in these studies commonly has a field 
capacity of 6 percent, a wilting percentage of 2 percent, and an 
exchange capacity of 1 to 2 milliequivalents per 100 grams in the 
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0 to 2-inch layer (8). The organic matter content was determined 
by dry combustion (700° C) to be 1.44, 1.15, 1.07, 0.84, 0.70, and 
0.68 percent for the 0 to 2-, 2 to 4-, 4 to 8-, 8 to 12-, 12 to 24-, and 
24 to 36-inch layers, respectively. The pH for these six layers was 
5.4, 5.3, 5.4, 5.3, 5.2, and 5.3, respectively, as determined by glass 
electrode using a 1:1 soil:water ratio. Lakeland sand soil has a sand 
sub-soil with excessive internal drainage, having been formed from 
sands 20 to 80 feet deep. 


RESULTS AND DISCUSSION 


The effect of amount of simulated rainfall on leaching 

The influence of amount of rainfall upon the distribution of 
monuron in soil was studied in two separate experiments. The aver 
age results are presented in ‘Table 1. Simulated rainfall was applied 


Table 71. The amount of monuron recovered from various soil depths as 
influenced by the total amount of simulated rainfall application 


Milligrams of monuron recovered Final 
Inches depth 
of water Depth of soil layer—inches Below wet soil 
ipplied 36 inches Total inches 

0-2 2-4 4-8 8-12 | 12-24 | 24-36) (in leachate 

1 15.87 2.37 0.29 0.00 0.00 0.00 18.53 8.0 

2 l 0 3. 9¢ 2.76 1.18 0.30 0.00 20.10 18.0 

4 5.91 3.67 3.82 2.22 3.80 1.64 21.06 36.0 

8 2.77 2.01 2.29 1.54 3.67 4.97 458 21.83 260 

12 1.7 1.35 1.21 1.34 2.34 3.19 10.40 21.59 36.0 


L.S.D for testing differences between means at the same depth. 
05 level of significance—0.96 
01 level of significance—1.47 

C.V 11 per cent 


‘Water applied in %-inch increments at 30-minute intervals. 
Monuron applied = 20.44 milligrams per column 


in increments of 14 inch at 14-hour intervals until the total amount 
of water desired had been applied to each column. Amounts totaling 
1, 2, 4, 8, and 12 inches of water were applied to separate columns. 
For the 8- and 12-inch treatments, leachates were collected and 
analyzed for monuron content. 

In these experiments, monuron was found to be readily leached 
from Lakeland sand soil when applied in soil sterilant quantities. 
Four inches of simulated rainfall, applied in eight increments at 
l4-hour intervals, leached 72 percent of a 40 lb/A application below 
2 inches and 8 percent below 24 inches. The rate of removal in a 
geographical area having 4 to 5 inches of rainfall per month ob 
viously would be appreciable. This rate of removal does not prevent 
monuron from being an effective material for controlling certain 
oak species which are difficult to kill. On Lakeland soil, 10 to 12 
lb/A of monuron is sufficiently persistent to eradicate Quercus laevis 
during a 10 to 12-month period following application (8). The 
amount of monuron removed from the 0 to 2-inch layer was directly 
proportional to the amount of water applied until approximately 
75 percent of the herbicide had been removed. Beginning with the 
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first inch of rainfall, each inch removed approximately 5.7 Ib/A of 
monuron until 30 Ib/A of monuron had been removed trom the 
0 to 2-inch layer. Each subsequent I-inch of rainfall removed a pro- 
gressively smaller amount of monuron. 

The degree of monuron leaching reported here differs considerably 
from results of other studies where less sandy soils and/or soils higher 
in organic matter were used (4, 6). The results cited here might be 
expected to apply to the approximately 9,000,000 acres of sandhill 
soils present in the Southeastern United States and to a certain 
degree to the other more or less closely related soils of the Coastal 
Plains soil province of the same region. 


The effect of frequency of simulated rainfall on leaching. 

The influence of rainfall frequency was studied in three separate, 
identical experiments. The average results are presented in Table 2. 
In each of the experiments, eight 14-inch increments of simulated 
rainfall were applied to each column at varying time intervals. The 
intervals were: 14, 4, 1, 2, 4, 8, 24, 48, and 72 hours. Thus, a total 
of 4 inches of simulated rainfall was applied to each of the time 
interval treatments. The period during which the eight increments 
were applied varied from less than 2 hours for the 14-hour treatment, 
to 21 days for the 72-hour treatment. 


Table 2. The amount of monuron recovered from various soil depths 
as influenced by the frequency of simulated rainfall application. 














Milligrams of monuron recovered? Final 
Hours nuetietmatmniennipiaitimepiniaiiie —— depth 
between Depth of soil layer—inches wet soil 
applications! = = aE - - : - - = Total im hes 
0-2 2-4 4-8 8-12 | 12-24 | 24-36 
a ee SE = Be! - 
My 6.68 3.23 3.39 2.41 4.06 1.70 21.47 34.8 
\y 6.32 3.75 3.71 2.31 3.89 1.04 21.02 34.0 
1 7.10 3.83 3.66 2.07 3.88 0.92 21.46 34.3 
2 7.77 4.80 3.88 1.77 2.54 0.51 21.27 33.0 
4 8.84 5.03 3.51 | 1.48 1.22 0.04 20.12 29.8 
8 9.33 4.50 3.61 1.61 1.31 0.11 20.47 28.6 
24 11.79 3.23 2.21 0.93 0.65 0.03 18.84 25.6 
48 12.12 2.75 2.33 0.69 0.49 | 0.00 18.38 23.7 
72 12.42 2.63 1.89 0.61 0.42 0.00 17.97 21.5 








L.S.D.—for testing differences between means at the same depth. 
-05 level of significance—1.92 
-01 level of significance—2.56 
C.V. —30 per cent 








'Total of 4 inches of water applied to each column at an intensity of 4% inch per application 
?Monuron applied = 20.44 milligrams per column. 


The frequency of simulated rainfall had considerable effect upon 
the amount of monuron retained in the 0 to 2-inch layer of Lakeland 
soil. Increasing the interval of application from 14 to 24 hours 
increased the amount of monuron retained in the 0 to 2-inch layer 
from 31 to 63 percent of that applied. Further increases in interval of 
application brought about additional, but smaller, increases in 
retention by the 0 to 2-inch layer. In general, the amounts ol 
monuron found in the lower layers of soil, as a function of rainfall 
frequency, were inversely related to the amount found in the 0 to 
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2-inch layers. The 2 to 4-inch layers did not follow this generaliza- 
tion. For these layers, increasing the interval of application from 
\4 to 4 hours resulted in an increase in the monuron content, just 
as for the 0 to 2-inch layers; whereas, further increases in the appli- 
cation interval caused a gradual decrease in the monuron content 
similar to that for the 4 to 8-inch and lower layers. 

There is one obvious reason why the less frequent applications of 
simulated rainfall resulted in decreased leaching. The less frequent 
applications required the soil columns to be exposed to the atmos- 
phere longer than in the case of the more frequent applications and, 
thereby, allowed a greater amount of evaporation to take place from 
the soil surface. The 14-hour treatments were exposed to the atmos- 
phere only one day before disassembly; whereas, the 72-hour treat- 
ments were exposed 22 days. The difference in loss of water by 
evaporation is indicated by the amount of dry soil found in the 
bottom of each column (Table 2). The water lost by evaporation 
from the soil surface decreased the amount percolating through the 
soil column, resulting in a reduction of monuron leaching. 

The recovery of monuron from columns receiving the less frequent 
applic ations of simulated rainfall was found to be low. The regres- 
sion of amount of recovery per column on time required for treat- 
ment was calculated. The recovery was found to decrease by .1964 
milligrams of monuron for each 24 hours of exposure. The standard 
error of this b value was .0501. Sixteen percent less monuron was 
recovered from the 72-hour treatment than from the Ve-hour treat- 
ment (Table 2). This may be explained by the fact that the 72-hour 
treatment required monuron to be in intimate contact with moist 
soil for 22 days. During this period microbial decomposition of 
monuron may have occurred (4). Loss of monuron from the soil 
surface of the columns seems unlikely since exposure of air-dry soil 
samples to laboratory atmosphere for 20 to 30 days did not result 
in a loss of monuron. 

In order to evaluate more completely the role of evaporation in 
the frequency effect, a supplementary experiment was conducted. 
The 4 and 24-hour treatments were replicated twice using plastic 
covers over the columns to minimize evaporation. These covers 
were removed only to allow for the addition of the eight simulated 
rainfall additions to each column. A small hole, '/,, inch in diam- 
eter, was made in the top of each plastic cover to maintain atmos- 
pheric pressure in the column. The difference between the rates of 
leaching for the 14- and 24-hour treatments (covered) indicated 
the role of the frequency effect over and above the associated 
evaporation factor. Along with the four covered columns, two 
uncovered columns were utilized to evaluate the evaporation factor 
in a different way. These two uncovered columns received the 
24-hour treatment. Additions of water were continued at 24-hour 
intervals until the soil in these columns had been wet to a depth 
estimated to be as great as that obtained by applying exactly 4 
inches of rainfall and using covers to prevent evaporation. Three 
extra l4-inch increments were necessary. The results of this supple- 
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Table 3. ‘The amount of monuron recovered from various soil depths 
as influenced by the frequency of simulated rainfall application using 
evaporation compensation. 


Milligrams of monuron recovered Final 
Hours between depth 
applications! | Depth of soil layer—inches wet soil 


Total inches 
O-2 | 2-4 4-8 | 8-12 | 12-24 | 24-3¢ 


4 (column covered) 6.35 2.44 | 3.63 | 2.55 6.04 3.11 24.12 33.4 
24 (column covered) | 9.78 4.24 3.28 2.69 1.67 0.18 21.84 29.6 
24 (column uncovered, 14% in| 

extra H2O added) 7.05 3.60 2.98 3.29 1.81 0.23 18.96 36.0 


L.S.D.—For testing differences between means at the same depth 
-05 level of significance 2 
-01 level of significance 1 

Gy, 19 per cent 


1.6 

2.6 
1 

5 


'Total of 4 inches applied to the covered columns and 6 inches to the uncovered column 


Applications made at an intensity of 4% inch per application 
2Monuron applied = 20.44 milligrams per column, 


mental study are shown in Table 3. The results from the covered 
columns show clearly that the frequency effect is explained only 
partially by the evaporation factor. When evaporation was essen 
tially eliminated by covering the soil columns, the 14-hour treatment 
caused 19 percent more monuron to be leached from the 0 to 2-inch 
layer than the 24-hour frequency. The comparable difference for 
uncovered columns was 32 percent. Where the water lost through 
evaporation was replaced by che addition of extra increments, no 
special effect. of evaporation on leaching was observed other than 
that of simply decreasing the amount of water percolating through 
the column. Although some minor differences were observed, evapo 
ration apparently has no sizable, direct effect on the leachability of 
monuron, nor does evaporation cause a special accumulation in a 
sub-surface layer as might have been anticipated. Some of the minor 
differences observed may be attributed to the fact that slightly 
more water was accidentally used to replace that lost through evapo 
ration than was necessary. 

In addition to the evaporation factor, two postulations can be 
made as to why more frequent water applications cause greate1 
leaching of monuron from soil than less frequent applications. First, 
the effectiveness of a given water application in bringing about 
leaching possibly depends upon the total amount of monuron which 
is present in the soil solution. The amount in solution is probably 
greatest just after the application of an increment of water. It 
decreases thereafter as the water movement ceases and the monuron 
in solution throughout the soil profile reaches a new equilibrium 
between the adsorbed and solution phases. This new equilibrium 
would likely result in less total monuron in solution, since the 
monuron content would be more uniformly distributed throughout 
the soil and thus encounter more adsorbing surface. 

Second, the rate of movement of water through the soil may also 
affect the amount of leaching. It seems likely that water from the 
more frequent applications moves through the soil more rapidly 
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than that from less frequent applications. This more rapid move- 
ment would allow less time for re-adsorption of monuron from 
percolating solution by the sub-surface layers with the result that 
accumulation of monuron would occur in the lowest possible layers. 
This possibility is indicated by the amount of retention by the 
2 to 4-inch horizon with the 4- and 24-hour (covered) treatments. 
Only 14 percent of the monuron entering the 2 to 4-inch horizon 
was adsorbed by this layer using the 14-hour treatment; whereas, 
the corresponding value for the 24-hour treatment was 35 percent. 
In order to be directly comparable, these two values should be 
corrected for the fact that more total monuron entered the 2 to 
t-inch layer when the 14-hour treatment was used than when the 
24-hour treatment was used. 


The effect of intensity of simulated rainfall on leaching. 

The influence of rainfall intensity was studied in three separate, 
identical experiments. The average results are presented in Table 
!. In each of the experiments a total of 4 inches of simulated rain- 
fall was applied to each of six columns. Increments of '/;¢, a, Y, |, 
2, and 4 inches were used per application, constituting six intensities 
of simulated rainfall. Successive increments were applied at 14-hour 
intervals for each intensity until a total of 4 inches of simulated 
rainfall had been applied to each column. Approximately, 1, 1.5, 2, 
5, 6, and 12 minutes were required for the application of each '/;¢-, 
lg-, Y4-, l-, 2-, and 4-inch increment, respectively. 


Table 4. The amount of monuron recovered from various soil depths as 
influenced by the intensity of simulated rainfall application. 


Inches Milligrams of monuron recovered? Final 
of water depth 
applied per Depth of soil layer—inches wet soil 
application! Total inches 
0-2 2-4 4-8 8-12 | 12-24 24-36 
is 5.82 4.42 4.77 | 2.18 2.31 0.74 20.24 31.3 
lg 5.75 4.11 4.46 2.29 3.30 1.29 21.20 33.3 
4 6.00 3.63 3.31 1.93 3.68 1.48 20.03 44.6 
1 6.48 2.93 3.10 2.04 3.71 1.30 19.56 34.8 
> 6.05 2.64 3.25 2.09 3,89 1.40 19.32 44.5 
4 6.36 2.3¢ 2.86 2.11 4.22 1.75 19.69 34.6 
L.S.D For testing differences between means at the same depth 
05 level of significance—1.75 
O1 level of significance——2.34 
Cc.V 28 per cent 


'Total of 4 inches of water applied to each column with applications at 30 minute intervals 
Monuron applied = 20.44 milligrams per column, 


Ihe intensity of simulated rainfall had little influence upon the 
movement of monuron from the 0 to 2-inch layer of soil. Even 
though monuron is generally considered to be a relatively insoluble 
chemical in water (240 ppm at 25° C), its rate of solution seemed to 
be relatively unimportant in affecting its leaching from the soil 
surface under conditions used in this experiment. The intensity of 
simulated rainfall had an effect upon the amount of monuron 
leached into the lower horizons. The lowest intensities caused a 
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concentration of monuron in the 2 to 8-inch zone, with a corre- 
spondingly smaller amount being found in the 12 to 36-inch zone. 
Progressive increases in the intensity of application brought about 
a gradual decrease in the amount of monuron found in the 2 to 
8-inch zone and a gradual increase in the amount found in the 
12 to 36-inch zone. Intensity of simulated rainfall had no effect 
upon the amount of monuron found in the 8 to 12-inch zone. These 
conclusions are further substantiated by the fact that the linear 
component of the 0 to 2-inch data was not significant; whereas, the 
linear components for the 2 to 4- and 4 to 8-inch data were highly 
significant. 

Intensity of simulated rainfall clearly affects the amount ol 
monuron found in sub-surface soil horizons. This effect must be 
due to an influence of the intensity factor upon the amount ol 
adsorption of monuron by the sub-surface soil horizons from the 
percolating solution. This influence may be brought about by the 
percolating solution moving through the soil column more rapidly 
in the case of the more intense applications of rainfall than for the 
less intense applications. The slower movement would allow more 
time for adsorption of the herbicide from solution in the case of the 
less intense applications. This slower movement causes herbicide 
to be concentrated in the upper sub-surface horizons of the soil. 


The combined effects of amount, frequency and intensity of simu- 
lated rainfall on leaching. 

Experiments on the effect of intensity and frequency of simulated 
rainfall on the distribution of monuron in soil indicate that there 
are at least two distinct steps involved. The first step involves the 
entrance of herbicide into solution, whether it be from solid herbi 
cide particles at the soil surface or from the herbicide adsorbed on 
the soil at some point in the soil profile. The second step involves 
the adsorption of herbicide from the percolating solution by the 
soil. Any given variable may affect one or both of these steps. 
Experiments on the intensity of rainfall indicate that the rate at 
which water moves into the soil has little effect upon the solution 
step of the distribution process for monuron. Apparently, the 
entrance of monuron into solution from the solid phase is very rapid. 
Whether the monuron which is adsorbed on the soil surface transfers 
to the soil solution rapidly or slowly is not known. The adsorption 
step is very much affected by the rate of passage of the percolating 
solution. Another possible step in the distribution process is the 
movement of herbicide in the percolating solution as a suspension. 
In discussing the results of these studies, it has been assumed that 
monuron does not enter the percolating solution as a suspension. 

These studies indicate that the factors of intensity and frequency 
of rainfall should receive consideration when leaching studies are 
being conducted. In the past, most investigators have selected a 
convenient intensity and frequency without much consideration of 
their inherent effects upon the distribution of herbicides. Further 
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studies are needed to determine the degree to which the findings 
reported here may apply to other soils and herbicides. 

Among the three factors studied—amount, frequency, and inten- 
sity of rainfall—the amount factor would be most easily and directly 
correlated with the distribution of herbicide under field conditions. 
The factors of intensity and frequency might also be of practical 
importance even though under field conditions quite irregular 
intensities and frequencies are obtained. Rains occurring at less than 
24-hour intervals would be expected to result in more leaching than 
equal amounts of rain occurring at greater intervals. Gentle showers 
would tend to concentrate the herbicide in the upper sub-surface 
horizons. The exact combined effect of the three factors is difficult 
to predict since any two rains constitute a specific amount-intensity- 
frequency relationship which normally changes with the advent of 
each successive rain. In this investigation these factors were studied 
individually and not in combination. 


SUMMARY 


The effects of amount, frequency, and intensity of simulated rain- 
fall on the distribution of monuron in Lakeland sand soil were 
studied. Soil columns 3 inches in diameter and 36 inches high were 
reconstituted from air-dry soil using metal pipe sections to contain 
the soil. Monuron was applied to the surface of each column at a 
rate of 40 Ib/A. Following the application of simulated rainfall to 
the columns they were disassembled and the soil from the six sections 
(0 to 2, 2 to 4, 4 to 8, 8 to 12, 12 to 24, and 24 to 36 inches) of each 
column was analyzed chemically for monuron content. 

Monuron was found to be leached readily from Lakeland soil 
when present in soil sterilant quantities. Four inches of simulated 
rainfall applied in eight increments at 14-hour intervals leached 72 
percent of a 40 Ib/A application below 2 inches and 8 percent below 
24 inches. Twelve inches of simulated rainfall applied in a similar 
manner leached 89 percent below 2 inches and 51 percent below 
24 inches. 

Intensities of rainfall varying from '/,, inch per application to 4 
inches per application had little influence upon the amount of 
monuron removed from the 0 to 2-inch soil horizon. The less intense 
applications resulted in a greater accumulation of monuron in the 
2 to 8-inch zone. More frequent applications of simulated rainfall 
resulted in a greater removal of monuron from the upper soil 
horizons than did less frequent applications. This was noticeable 
especially for rainfall applied more frequently than every 24 hours. 
Approximately one-half of the effect of frequency was due to the 
fact that less frequent applications allowed more moisture to evapo- 
rate from the soil surface, thereby making less moisture available 
to percolate through the soil. 

Interpretation of the data was facilitated by assuming that the 
leaching process involves at least two steps; the entrance of herbicide 
into solution and the adsorption of herbicide on the soil from the 
percolating solution. The rainfall intensity factor apparently affects 
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the latter step but has little or no effect upon the former. The 
frequency factor affects both of the steps. The importance of amount, 
frequency, and intensity of rainfall in experimental work and unde 
field conditions is discussed. 
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The Effects of Several Herbicides on Nitrification in a 
Field Soil Under Laboratory Conditions’ 


M. G. Hate, F. H. HULCHER? and W. E. CHAPPELL 


INTRODUCTION 


7 process of biological nitrification in soil is a two-step oxidation 
of the ammonium ion to nitrite and thence to nitrate and is 
largely caused by the autotrophic bacteria in the genera Nitrosococ- 
cus, Nitrosomonas and Nitrobacter. The biochemical activities of 
these soil microorganisms can be studied by using the percolation 
technique of Lees (7, 8). When studying the nitrifying organisms, 
an ammonium salt solution is bubbled under air pressure through 
a lift tube to the surface of a soil sample in a suitable container 
from whence it percolates downward through the soil and drains 
back into the reservoir from which it came. Air and moisture are 
thus constantly replenished in the soil and water logging is avoided. 
The value of the method lies in the fact that any substance intro- 
duced into the percolating fluid which affects the metabolism of the 
nitrifying organisms causes a change in the rate of conversion of the 
ammonium ions to nitrate ions. When the nitrate in the percolating 
fluid is in equilibrium with the nitrate in the soil, measurements of 
the nitrate nitrogen in aliquots of the percolating fluid are a measure 
of the rate of nitrification in the soil. 

Quastel and Scholefield (13) have reported that if fresh soils are 
percolated with an ammonium salt solution, the population of 
organisms oxidizing the ammonium ion to the nitrate ion increases. 
The conversion to nitrate follows a sigmoid pattern as the popula- 
tion grows but a condition is ultimately reached in which the nitrifi- 
cation rate in a soil sample becomes constant. Lees and Quastel (9) 
have reported that this condition represents a saturation with bac- 
terial cells of the available sites on the soil particles. In these 
saturated or “enriched” soils, the bacterial cells contained in thin 
films of moisture on the soil particles divide at a rate sufficient only 
to replace dead and disintegrating cells. Replenishment of the sub- 
strate periodically should result in a constant rate of nitrification 
limited primarily by the number of cells and their capacity to oxidize 
the ammonium ion. Such a stable system behaves like an enzyme 
system and its activity can be easily measured in the Warburg 
manometric apparatus. Quastel and Scholefield (13) have reported 
rates of oxidation as high as 92 percent of theoretically possible rates. 

Repeated applications of chemicals to control weeds in crops may 
destroy beneficial microorganisms inhabiting the soil. Conversely 
such chemicals may have beneficial fungicidal and_ bactericidal 
properties (4). It has been shown that heterotrophic organisms are 
reduced in number and that respiratory rates are reduced (5, 6, 10). 

‘Contribution from the Department of Plant Pathology and Physiology, Vir- 
ginia Agri. Exp. Sta., Blacksburg, Virginia. 

*Present address: Department of Microbiology, Yale University, New Haven, 
Connecticut. 
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In the present investigation both the percolation method and the 
manometric method were used to study the effects of several herbi 
cides on the rate of biological oxidation of the ammonium ion in 
soil. 


METHODS AND MATERIALS 


Groseclose silt loam was obtained from the top 3 inches of clover 
plots on the Virginia Agricultural Experiment Station farm at 
Blacksburg, Virginia. The soil was air dried, sieved and that portion 
which passed through a 4 mm mesh screen but was retained by a 2 
mm mesh screen was used. Twenty or 30 gm of soil thus prepared 
was placed in a percolation apparatus similar to that described by 
Lees (7), and 0.5 gm of CaCO,/20 gm soil was added to the soil 
surface to buffer the system at pH 8.5 to 8.8. 

Ammonium chloride solution (0.01 M) was then added to the 
percolation reservoir and allowed to percolate through the soil under 
low pressure from an air line. The volume of the percolating fluid 
was maintained by periodically adding enough distilled water by 
weight to replace that lost by evaporation. All experiments were 
carried out at room temperature in the dark. For the percolation 
experiments, commercial formulations of 3—(p—chioropheny]) 
dimethyl urea (monuron) and isopropyl N-—(3—chlorophenyl!)carba- 
mate (CIPC) were added at the desired concentration of active 
ingredient directly to the percolating fluid. Periodically 1 ml aliquots 
of the percolating fluid were taken and analyzed for NO;—N. Nitrate- 
nitrogen was determined colorimetrically using the phenol disulfonic 
acid-NH,OH method of Russel et al. (14), and measuring the color 
density on a Beckman Model B spectrophotometer at 410 milli- 
micron wave length. 

The soil used for manometric measurements of ammonium ion 
oxidation was prepared by percolating the soil with ammonium 
chloride solution until a relatively high and constant rate of nitrifi- 
cation was attained through several changes of the percolating fluid. 
At the end of this period, usually several weeks, the average rate of 
nitrate formation was 24 micrograms per ml per 24 hours. Tubes of 
soil which were nitrifying at approximately this rate were selected 
and the contents of a single tube were used for each experiment. The 
soil was leached for several hours with distilled water until no nitrate 
or ammonium ions could be detected by spot tests of the leachate. 
It was removed from the tubes, spread on filter paper, allowed to dry 
for 14 hour and then chopped and mixed thoroughly with a spatula. 
One and one-half gram aliquots of soil so prepared were placed in 
conventional Warburg manometer flasks. One ml of 0.01 M NH,CI 
plus 1 ml of water or 1 ml of an aqueous solution of herbicide was 
added to the flasks. The final concentration of NH,Cl was thus 
0.005 M and the herbicide solutions were made up to twice the 
desired concentrations to allow for dilution when added to the 
flasks. Three-tenths ml of 30 percent KOH was placed in the center 
‘well with a 2 cm square of filter paper. After an equilibration period 
of 30 minutes oxygen uptake was measured at 15 minute intervals 
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for 244 hours at 37° C. Treatments in each experiment were run in 
duplicate. The specific gravity of the soil was determined by means 
of a pycnometer and found to be 2.642. Since the 1.5 gm aliquots of 
soil used in the respirometer flasks weighed 1.2 gm when dried as for 
specific gravity measurements, the volume of the soil particles was 
calculated to be 0.45 cc and this value was used in the equation for 
calculating flask constants (16). 

The herbicides used and their sources are listed in Table 1. These 
were added to the reaction flasks in such a manner that a known 
amount of the active chemical ingredient was present. Commercial 
formulations of herbicides were used for the following reasons: (1) 
they were readily available whereas the active ingredient of some was 


Table 71. Source, chemical name and abbreviation or other designation of 
herbicides used. 


Abb. or other | 





Chemical name Source 
| designation 
| 
Sodium 2,4-dichlorophenoxyethyl ad 
fate 2,4-DES (Sesone) | Carbide & Carbon 
Isopropyl N-(3-chlorophenyl)-carba- 
mate CIPC | Columbia Southern Chemical Corp 
Alkanol amine salts of 4,6—dinitro-ortho- | 
secondary butyl phenol DNBP Dow Chemical Co. 
2,2—Dichloropropionic acid .| Dalapon Dow Chemical Co. 
2-(2,4,5-Trichlorophenoxy)-—propionic | 
acid .| 2-(2,4,5-TP) | Dow Chemical Co. 
3-(p-Chloropheny])1,1—dimethyl urea Monuron (CMU) | E. I. DuPont de Nemours & Co 
Sodium pentachlorophenate PCP Monsanto Chemical Company 


not readily obtainable in pure form; (2) commercial formulations are 
applied as herbicides in the field and their effects on the nitrifiers 
should be studied; (3) some of the pure chemicals are difficult to 
dissolve in water and hence must be emulsified or suspended by use 
of other agents. Such agents are incorporated into commercial formu- 
lations. In interpreting the results it should be borne in mind that 
some of the effects may be caused by materials other than the active 
ingredient and the effects of the chemical itself may be increased or 
decreased because of other materials in the formulation. 


RESULTS 

When fresh soil is percolated with an ammonium chloride solu- 
tion, the nitrifying organisms proliferate at the expense of adsorbed 
ammonium ions (13). This population growth follows a sigmoid 
pattern as shown in Figure 1. One hundred ml of 0.01 M NH,Cl 
solution contains enough ammonium ions to produce 140 micro- 
grams per ml of nitrate nitrogen upon oxidation; therefore, 140 
micrograms per ml represents the maximum amount in the solution. 
This value was approached in the NH,ClI control which attained a 
maximum conversion of 92.8 percent of theoretical in about 24 days. 
When CIPC at 20 and 40 ppm of the ammonium chloride percolat- 
ing solution was added, the rate of cell proliferation was reduced, 
as evidenced by a reduced rate of nitrate formation and a longer lag 
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Figure 1. Rate of proliferation of nitrifying bacteria in fresh field soil percolated 
with 0.01 M NH,CI solution in the presence of CIPC (left) and monuron (right) 
Each point represents the average of two replicates. 


phase of the growth curve. Eighty ppm CIPC completely inhibited 
growth since the rate of nitrate formation remained below that of 
soil treated with water alone (not shown). Addition of 5, 10, 20 and 
40 ppm of monuron had no inhibiting effect on the growth of the 
nitrifiers as shown in Figure 1. 

Enriched soils, when re-percolated with NH,CI, show no lag phase 
and nitrify at constant rates. Since growth is limited to cell replace- 
ment, treatments of enriched soil affect the nitrification process 
per se. Figure 2 shows the results of experiments in which CIPC and 
monuron were added to the percolating fluid of enriched soils. Forty 
and 80 ppm CIPC only slightly inhibited nitrification, but 160 ppm 
inhibited the process almost 90 percent on the third day and inhibi 
tion continued for the duration of the experiment. Forty ppm 
monuron inhibited nitrification by 50 percent on the third day, while 
concentrations less than 40 ppm caused no appreciable effect. 

Herbicides are applied in the field to unenriched soils and may 
remain there for an extended period of time. To test the effect of a 
long period of exposure of the nitrifying bacteria to the herbicides, 
fresh field soil was percolated for 26 days with water and with 40, 
80 and 160 ppm aqueous solutions of C iPC (pre-treatment). At the 
end of this period, the soil was washed by several changes of water 
in the percolating apparatus over a period of 2 days and then the 
soil was re-percolated using NH,Cl solution. The results of this 
re-percolation are presented in Figure 3. The soil pre-treated with 
water oxidized the ammonium ion at a rate comparable to that 
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Figure 2. Rate of nitrification of soil organisms in enriched soil percolated with 
0.01 M NH,CI solution in the presence of CIPC (left) and monuron (right). 
Each point represents the average of two replicates 
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Figure 3. Rate of proliferation of nitrifying bacteria in soil previously percolated 
with aqueous solutions of CIPC for 26 days, washed several times with water, 
and then re-percolated with 0.01 M NH,CL. Previous treatments are indicated 
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of the NH,Cl control in unenriched soil (Figure 1). The 40 ppm 
CIPC pre-treatment, after washing and adding NH,Cl, also had an 
oxidation rate similar to the same treatment of fresh soil. Pre- 
treatments of 80 and 160 ppm delayed the growth of the nitrifying 
bacteria, but by the 30th day they had begun to recover. 

Having established the pattern of effects of two different herbi- 
cides, CIPC and monuron, on nitrification over comparatively long 
periods of time, it seemed desirable to test other herbicides. Use was 
made of the Warburg manometric method as described in the 
section on methods. Small samples of soil previously enriched with 
nitrifying bacteria were treated with 0.005 M NH,CI alone and with 
several concentrations of seven herbicides. Oxygen uptake over a 
period of 214 hours replaced NO;-N determination as a measure 
of the rate of nitrification. CIPC and monuron were included for 
purposes of comparison. 

The results of 16 such experiments are summarized in Figures 
t and 5. The percentage inhibition or stimulation of oxygen uptake 
compared to an NH,Cl control is plotted against concentration of 
the herbicides in ppm. No correction was made for endogenous 
respiration. 
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Figure 4. Percent inhibition of oxygen uptake of 114 gm of soil after 214 hours 
at 37° C in the presence of 0.005 M NH,Cl and the herbicides and concentra 


tions indicated. 
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Figure 5. Percent inhibition or promotion of oxygen uptake of 114 gm of soil 
sS 


after 214 hours at 37° C in the presence of 0.005 M NH,CI and the herbicides 


and concentrations indicated. 


In some preliminary experiments the O, uptake of enriched soils 
suspended in water exceeded expectations. This O, uptake would 
be that of the endogenous respiration of the nitrifiers plus the 
respiration of other organisms. There could have been enough 
substrate from natural sources in the soil to sustain a high rate of 
endogenous O, uptake, or the leaching process might not have re- 
moved all of the NH,CI substrate with which the soil had been 
percolated. Although no ammonium ion could be detected in the 
leachate some might have remained adsorbed on the soil colloids or 
on the surface and within the cells of the organisms. 

Consequently an attempt was made to measure the respiration of 
the organisms in the absence of soil by preparing and percolating 
tubes of silica gel which were inoculated with a small amount of 
enriched soil. After the silica gel was enriched, aliquots were placed 
in manometer flasks and the O, uptake of the enriched silica gel 
was measured in the usual manner. The O, uptake of aliquots sus- 
pended in water was 41 ul while that suspended in 0.005 M NH,Cl 
was 126 wl. These results are comparable to the results of the water 
and ammonium chloride controls for all the manometric experi- 
ments reported. These were pooled and the mean calculated to be 
51 ul and 120 ul of O, utilized respectively. 

Since there was no substrate for the heterotrophic organisms in the 
silica gel it would appear that the largest portion of the O, uptake 
in water is in reality a measure of the endogenous respiration of the 
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nitrifiers. How much of this was caused by the residual ammonium 
ions was not determined. The portion of the total respiration attrib 
uted to other organisms appeared to be negligible, hence, results 
are presented as percentage inhibition or stimulation compared 
to the NH,CI control without substracting the values obtained for 
the water control. Other investigators have shown that correction for 
endogenous respiration is not always valid (i.e. 3, 11). 

Monuron, CIPC, DNBP and PCP inhibited oxygen uptake (Fig- 
ure 4) and the inhibition increased as the concentration was in 
creased. PCP showed the most marked inhibition at all comparable 
concentrations and at 200 ppm almost completely retarded oxygen 
uptake. 

Dalapon and 2,4—DES increased oxygen uptake at the low con 
centrations between 50 and 150 ppm (Figure 5). At higher concen 
trations, oxygen uptake was inhibited, but only slightly. 2-(2.4,5 
TP) exerted a more depressive effect upon oxygen uptake than 
dalapon or 2,4—-DES. Triethanol amine (TEA) is not an herbicide 
but was included in these experiments to test the effect of an amine. 
It had a slight stimulatory effect at low concentrations and a slight 
inhibitory effect at high concentrations. 


DISCUSSION 


When the respiration rates of microorganisms in enriched soil were 
determined by measuring the oxygen uptake for 214 hours, it was 
found that concentrations of CIPC between 80 and 160 ppm inhib 
ited respiration from 40 to 80 percent. Such inhibition of respiration 
by CIPC is in agreement with the results of Quastel and Scholefield 
(13) who showed that compounds having the basic carbamic acid 
structure such as urethane would inhibit respiration of the nitrifiers. 

In experiments not included commercial formulations of CIPC 
were more effective in inhibiting O, uptake at concentrations above 
40 ppm than the unformulated tec hnical grade chemical. At 40 ppm 
and below there was no difference between unformulated and formu- 
lated chemical. This could be explained on the basis of the low 
solubility of CIPC in water. No other unformulated chemicals were 
tried. 

It is apparent that treatment with inhibitory concentrations of 
CIPC for 21% hours did not kill all the organisms since some respi- 

ration did occur. Furthermore, treatment of soil for one month after 
which the soil was washed and re-percolated with NH,Cl solution 
showed that at least some of the nitrifying organisms had survived 
these treatments. The long lag period before nitrification rates in 
creased appreciably in these recovery experiments may be explained 
in one of two ways. Either the washing procedure did not remove 
all of the CIPC and it continued to inhibit, or else the organisms 
were so reduced in numbers that a long time passed before the popu- 
lation increased to a point where nitrification occurred at a notice 
able rate. If the CIPC was not removed by the washing procedure, 
the eventual recovery could be explained on the basis of CIPC 
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disappearing from the soil. Biological destruction of CIPC in soil 
has been shown by Hulcher (unpublished) to be caused by fungi 
and bacteria, isolated from soil percolated with CIPC, which can 
use this chemical as a sole source of energy. Evaporation and biologi- 
cal destruction of IPC (isopropyl-N—phenylcarbamate) and CIPC 
in soil have been reported by other investigators (1, 2, 12, 15). 

Manometric measurements of the inhibition of nitrification by 
CIPC are in agreement with those measured by the percolation 
method if the data from the third day of percolation are used for 
comparison. At concentrations of 80 and 160 ppm the inhibition of 
nitrate formation was 40 and approximately 90 percent respectively 
as compared with 40 and approximately 80 percent respectively 
for the manometric data. Such agreement was not shown for mon- 
uron. At 40 ppm in the percolation procedure, nitrate formation was 
inhibited 50 percent on the third day, but in the manometric pro- 
cedure 40 ppm inhibited the process only 6 percent. Even at 200 ppm 
the oxidation was inhibited only 60 percent by monuron in a 214 
hour period. 

The fact that monuron did not inhibit growth of the nitrifying 
organisms and inhibited nitrification in enriched soils only at the 
highest concentration used, may indicate that this compound is 
not as detrimental to the nitrifying organisms in soil as CIPC when 
used at the usual field application rates. 

\ comparison of herbicides, field application rates and concen 
trations which inhibited respiration by 50 percent are presented 
in Table 2. The amount of herbicide applied to 1 cm? of soil was 
calculated from recommended rates of field application. Since the 
specific gravity of the soil used was determined to be 2.642, 1 gm 
of soil would represent a volume of 0.38 cc. Therefore, micrograms 
per square centimeter would be equivalent to ppm at a depth of 
0.38 mm if soil moisture, leaching, volatilization, and decomposition 
were ignored as factors affecting field concentrations. Since these 
factors do operate in the field and would cause further reductions in 
concentrations than those shown in Table 2, it becomes apparent 
that the effects on nitrifiers in the plow layer of soil may be negli- 
gible. Furthermore, Magee and Colmer (10) have found that inhibi- 
tion of respiration does not necessarily mean destruction of the soil 
organisms as cells of Azotobacter agile remained viable when exposed 


Table 2. Herbicides, usual field application rates and concentrations which 
inhibit O, uptake by 50%. 


Usual field appl. rate of active ingredient Ppm of active 
Herb . ingredient inhib- 
Lb/A ug ‘cm iting Oz up- 
ppm in 0.38 ce soil) take by 50% 
Monuron O.8 9 120 
CUP¢ 40 45 100 
PCP 17 197 40) 
DNBP ) RO 
Dalap 43 48 
$-DES ) ) 
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to concentrations of 2,4-dichlorophenoxy-acetic acid in excess of 
those which completely inhibited respiration. Measurements of 
respiration rates for short periods of time may serve only as one 
indication of the effects of herbicides on soil microorganisms. 

Further studies of the effects of these chemicals on biological 
nitrification in soil should be undertaken under field conditions 
before an accurate and sound evaluation of the significance of 
herbicide treatments upon soil fertility can be made. 


SUMMARY 

The effects of isopropyl N-(3-chlorophenyl)carbamate (CIPC) 
and 3-(p-chlorophenyl)!1,l1—-dimethyl urea (monuron) on growth 
and nitrification rates of soil nitrifying organisms were studied by 
the soil percolation method. Results of these studies were compared 
with measurements of respiration rates obtained by the conventional 
Warburg manometric method for the same two herbicides and five 
others. 

The rate of conversion of the ammonium ion to the nitrate ion 
when fresh field soil was percolated with an ammonium chloride 
solution containing varying concentrations of CIPC and monuron, 
was inhibited by CIPC in direct proportion to the concentration of 
the herbicide, but was not inhibited by monuron. Eighty ppm of 
CIPC completely inhibited growth of the nitrifying organisms but 
up to 40 ppm monuron was ineffective. 

When soil, previously enriched in nitrifying organisms by perco- 
lating with ammonium chloride solution until a constant rate of 
nitrification was obtained, was subsequently percolated with an 
ammonium chloride solution containing varying concentrations of 
CIPC and monuron, nitrification was inhibited 90 percent by 160 
ppm CIPC and 50 percent by 40 ppm monuron. 

Comparison of oxygen uptake of soil previously enriched with 
nitrifying microorganisms and treated with several concentrations 
of seven herbicides in Warburg manometer flasks showed that 
sodium pentachlorophenate (PCP), 4,6—dinitro-ortho-secondary- 
butyl phenol (DNBP), CIPC and monuron were the most inhibitory. 
The inhibition of respiration was greatest with PCP. A comparison 
of the rates of nitrification as measured by formation of nitrate in 
the percolation method and oxygen uptake in the manometric 
method showed fair agreement for CIPC but not for monuron. 

A comparison of the approximate concentrations of herbicides 
used in the field for chemical weed control and concentrations which 
caused a 50 percent inhibition of oxygen uptake by the nitrifying 
soil microorganisms was made. It was shown that the concentrations 
of herbicides which inhibited respiration by 50 percent would not 
occur at usual field application rates and that there would be little 
or no detrimental effect on soil nitrification. 
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Interception of Herbicidal Sprays by Oats and 
Its Relation to Alfalfa Stands’ 


K. P. DorscHNER and K. P. BUCHHOLTz? 


pores legumes are often injured when herbicides, such as 2,4 

dichlorophenoxyacetic acid (2,4—D), are applied to control weeds 
in fields of grain containing legume seedlings. At times the legume 
seedlings are not injured materially but in many instances the herbi 
cide applications result in a moderate or even drastic thinning ol 
the stand. Various factors have been suggested to account for the 
variability in results observed. 

The date of herbicidal application is known to influence the 
responses obtained. Generally, better alfalfa stands have been 
obtained when the grain is 8 to 10 inches tall at time of spraying. 
However, Miller and Dunham (4) detected no differences in legume 
stands when early and late herbicidal treatments were compared. 
Willard and Bernard (7) reported that, in general, the injury to 
alfalfa seeded in oats decreased as the size of the oats increased at 
time of spraying. Churchill and Grigsby (1) found that the legume 
stand was maintained more satisfactorily in oat plots seeded to 
alfalfa when 2,4—D applications were made early in the season when 
the oats and the legume seedlings were small. 

The abundant shade produced by a grain-leal canopy may cause 
companion legume seedlings to become etiolated and structurally 
weak. Applications of herbicides to plants in this condition may be 
particularly harmful. Conversely, it is also true that a dense grain 
or weed-leaf canopy protects the sensitive legumes somewhat from 
chemicals that are applied to control weed infestations. 

Differential responses of plants to treatments with a constant 
amount of herbicide applied in aqueous sprays of different volumes 
have been studied by a number of workers. Smith (6) found that 
2,4—D was applied most efficiently to kidney bean plants at a volume 
rate of 10 to 20 ml/sq. vard or 13 to 26 gal/A. Miller and Dunham 
(5) reported that applications of 2,4-D and 2-—methyl—4—chloro 
phenoxyacetic acid (MCPA) to flax under-seeded with legumes were 
less toxic when spray volumes of 10 gal/A were used than with 40 
gal/A. 

The ability of a drop of 2,4—D solution to wet a waxy surface, such 
as a leaf, is known to vary with the concentration of the herbicide 
in the spray solution (2). Droplets from the more concentrated solu- 
tions spread to a greater extent. It is also likely that droplets of this 


‘Contribution from the Dept. of Agronomy, Wisconsin Agr. Exp. Sta., Madison 
Wisconsin. Published with the approval of the Director of the Wisconsin Ag 
Exp. Sta. Part of a thesis submitted by the senior author to the Graduate School 
of the University of Wisconsin in partial fulfillment of the requirements for the 
Ph.D. degree. 

“Formerly Grad. Asst. in Agronomy, now Section Leader Herbicide Research 
Niagara Chemical Division, Food Machinery and Chemical Corporation, Middle 
port, N. Y. and Prof. of Agronomy, University of Wisconsin, Madison, Wisconsin 
respectively. 
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type develop more intimate contact with the leaf surface and allow 
absorption to occur more readily. On the other hand, sprays applied 
in higher volumes provide greater numbers of droplets and pre- 
sumably a more thorough coverage of the leaf results. Another 
variable is the distribution of droplet sizes when low and high vol- 
ume sprays are employed. Low volumes of spray are usually associated 
with greater percentages of small droplets than are the high spray 
volumes. It is also possible that the relatively small spray droplets 
from a 5 gal/A application would not penetrate a grain and weed 
leaf canopy as well as would the relatively large droplets derived 
from a spray applied in a volume of 40 gal/A. 


MATERIALS AND METHODS 


Randomized complete block experimental designs with four repli- 
cations were used in all field trials with the exception of one trial 
in 1953. Field plots were established on a planting of Mindo oats 
seeded to Ranger alfalfa. The grain was sown with a drill having 
6-inch row spacings. Alfalfa was seeded with a corrugated-rollei 
seeder immediately after sowing the oats. Plots were 6 by 12 feet in 
size with |-foot alleys between adjacent plots. The rates of seeding 
were 1.5 bushels of oats and 8 pounds of alfalfa per acre. Seeding 
was done during the first week in May in 1952 and 1953 with one 
exception in 1953. 

One study, to determine the relationship of spray volume to spray 
interception and to observe the effects on alfalfa seedlings, was con- 
ducted in both 1952 and 1953. The triethanolamine salt of 2,4—D 
was applied at rates equal to 1.0, 0.5 and 0.25 Ib/A in water equi 
alent to 5, 10, 20 and 40 gal/A. The sprays were applied with a 
bicycle sprayer using a pressure of 40 psi. Spraying Systems Co. 
nozzles 800067, 8001, 8002 and 8004 were used for the application 
of the 5, 10, 20 and 40 gal/A of spray, respectively. In all cases where 
reference is made to 2,4—D application rates, the stated amounts 
refer to the acid equivalents. Spray treatments were applied when 
the natural height of the oats was about 8 inches in 1952 and 12 
inches in 1953. 

An attempt was made to determine the amount of spray inte 
cepted by the oat leaf canopy. The technique used was as follows: 
Glass microscope slides, 1 by 3 inches in size, were placed on holders 
so that 3 slides were located at the existing grain height and 3 at the 
height of the underseeded legume in each plot. To avoid double 
coverage each slide was located in the middie of the area covered by 
a single spray nozzle. After the spray applications were made, the 
slides were collected and allowed to dry. The slides were then re- 
moved to the laboratory where those representing each height level 
on each plot were grouped and the retained 2,4—D residue quantita- 
tively removed by scrubbing in distilled water. Aliquots of the 
eluted materials were taken and the optical density determined in 
a Beckman Model DU spectrophotometer at 2835 angstroms as 
described by Dorschner and Buchholtz (3). The resulting optical 
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densities were converted to pounds of 2,4—D acid equivalents pet 
acre. 

By measurement of the 2,4—D deposition it was possible to deter- 
mine the percent reduction in the spray application due to the 
protection of the grain leaf canopy. This procedure also provided a 
measurement of the actual amount of 2,4—D applied to the plots 
and allowed the calculation of the error inherent in the application 
techniques. 

The oats were harvested at maturity and immediately afterwards 
the stubble was clipped and the stubble, straw and trash removed. 
Data on the stand and yields of oats were not obtained in this study. 
Alfalfa plant counts were obtained in September, ng ge ge 
6 weeks after removal of the oat crop, from 3 quadrats, 2 sq. in 
size, located at random in each plot. 

A second study was concerned with the influence of the height ol 
the grain at time of spray application on the interception of the 
spray and on the survival of the alfalfa seeded in the grain. One such 
trial was conducted in 1952 and two trials in 1953. Plot preparation 
and the experimental design employed were similar to that described 
above. In 1953 one trial was seeded during the first week in May 
and the second during the fourth week to give a range of environ 
mental conditions. Only three replications were used in the latte 
trial. 

In the trials in both 1952 and 1953 a triethanolamine salt of 2,4—-D 
was applied at rates equal to 1.0, 0.5 and 0.25 Ib/A in water equiv 
alent to 20 gal/A. One series of plots was sprayed when the oats were 
6 inches tall, a second series when the oats were 12 inches tall and 
third when the oats had reached a height of 18 inches. 

The spray applications were collected on glass slides located 
the upper level of the grain leaves and at the level of the taller 
alfalfa seedlings. Quantities of 2,4-D collected on the slides was 
determined as previously described. All plots were clipped, raked 
and the trash removed following the harvest of the oats at maturity 
in late July. Alfalfa seedlings were counted in 3 quadrats, each 2 
sq. ft. in size, in each plot approximately 6 weeks after harvest ol 
the oats. 


RESULTS AND DISCUSSION 


Volume of spray studies. 

The amount of spray solution penctrating the grain-leaf canopy 
to the level of the underseeded legumes was found to vary with 
the volume of the applied spray. The differences were greater in 
1953 than in the 1952 trial, probably due to the taller growth present 
when the applications were made in the latter year. In 1952 the 
oats tillered well and produced a tall, dense stand. In 1953 the 
growth of the oats was shorter and fewer tillers were produced. Data 
presented in Table | show that as much as 50 percent of the spray 
was intercepted in the 1952 trials. In 1953 the interception was con 
siderably less. There was a definite trend for greater percentages of 
the low-volume spray applications to be intercepted by the leaf 
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canopy. This was most noticeable in 1953 when 39 percent of the 
2,4—D applied in 5 gallons of spray per acre was intercepted but only 
8 percent when applied in 40 gallons. Differences between high and 
low volume sprays were less marked in 1952 when a dense and tallet 
leaf canopy was present. 

The data included in Table | also allows a comparison of the 
actual amount of the 2,4—D applied to the plots, based on collections 
made at the oat-leaf level, with the intended application rate. An 
experimental error of about 7.5 percent in 1952 and 12.0 percent in 
1953 was apparent. 


Table 1. 2,4-D applications collected at oat and alfalfa leaf levels after use of 
4 volumes of spray. 


1952 1955 Ave 
\ reduc ion 
olume Appl > 4—-D collected—lb/A Appl ?,.4-D collected—lb/A Appl in spray 
gal/A Ib/A red red applica- 
Oat Alfalfa pet Oat Alfalfa pe tion 
level level level l | 
5 1.00 1.0 0.48 54.3 0.94 0.5 37.2 
050 0.23 R.2 44 35 20.5 
0295 r ) 0.1 soo ow 0 71 wO 
4 54 4 
“ 47.0 ( > ( 4 
( 4 41.0 25.4 
( 32.0 0.29 24.1 
Ave 26.2 
45.4 8 ( 25.0 
0.50 154 33.3 0.48 0.38 20.8 
5 34.5 0 | 16.0 
Ave 7 
4 ( 0 0.8 4 10.8 
03 0.3 54 
) 1 38.5 0 0 ~ 10.0 
\ 40.0 8 4.4 


Stand counts, calculated as percent of the untreated check areas 
and shown in Table 2, indicate that the resulting stands of alfalfa 
seedlings averaged 48 percent of the untreated check plots after 
treatment with 2,4—D in 5 gallons of spray per acre. Stands of 51, 
41 and 38 percent remained after treatment with 10, 20 and 40 gal- 
lons of spray per acre, respectively. Statistical analyses revealed that 
these stands, treated with different spray volumes, were not signifi- 
cantly different in either year. The data show a trend for the plots 
treated with the spray applications having the least interception, 
the 40 gal/A volume, to have the thinner stands. A more exact rela- 
tionship with spray volume interception was probably obscured by 
the poorer leaf-wetting characteristics of the higher volume sprays. 
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Table 2. Alfalfa stands after treatment with 2,4—-D at 3 rates in 4 volumes 
> 


of spray. 
Volume Appl. Alfalfa stands—pct. check 
gal/A Ib/A 
1952 1953 Volume ave Appl. ave. 
5 1.00 31.5 22.2 19.8 
0.50 33.3 64.2 47 
0.25 73.5 64.8 66.3 
Ave. 46.1 50.4 48.3 
10 1.00 25.3 22.8 
0.50 67.9 49.4 
0.25 77.7 61.1 
Ave. 56.9 44.4 
20 1.00 9.9 20.4 
0.50 34.6 53.7 
0.25 62.3 65.4 
Ave. 35.4 46.5 | 
40 1.00 11.1 15.4 
0.50 30.9 43,2 
0.25 57.4 67.9 
Ave. 33.1 42.2 7 
Check stand-plants /2 sq. ft. 16.2 13.1 


The increased toxicity of 2,4-D with the higher rates of appli- 
cation is clearly evident. Applications of 0.25 lb/A reduced stands 
of the alfalfa about 33 percent while the 1.0 Ib/A rate reduced the 
stands approximately 80 percent. 

Height of grain on spray interception and toxicity. 

The second study was conducted to test the significance of the 
protection provided alfalfa seedlings, by grain of varying heights, 
when herbicidal chemicals are applied. By using glass-slide colle 
tions, it was found that the protection of the small legume seed 
lings from herbicidal sprays varied with the height of the grain at the 
time of application. The data in Table 3 show that sprays applied 
when the grain was 6, 12 and 18 inches tall were intercepted by the 
grain-leaf canopy an average of 7, 26 and 33 percent, respectively. 
These differences were statistically significant and were relatively 
constant in the three trials. 

The results presented in Table 4 show that spraying with 2,4—D 
when the grain was 6 to 12 inches tall was less damaging to the 
alfalfa seedlings than were applications made when the grain was 18 
inches tall in 1952 but more damaging in the 2 trials in 1953. In 
1952 the plots treated at the 6-inch stage retained 63 percent of the 
alfalfa stands present on the untreated check plots. Plots treated 
at the 18-inch stage maintained only 14 percent of the check stands. 
In 1953 plots treated at the 6-inch stage had stands averaging 33 
percent of check while those treated at the 12- and 18-inch stages 
averaged 47 and 75 percent of check, respectively. 

In 1952 there appeared to be an inverse relationship between the 
amount of spray solution reaching the legume and the survival of 
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Table 3. Reductions in 2,4—D spray application at alfalfa leaf level due to 
interception by oat-leaf canopy at 3 stages of growth. 


Application reduction at legume level—pct. 


Oat height Appl 
inches Ib/A 
1952 1953 1 1953 Il Ave. reduction 
( 1.00 2.0 9 8.3 
0.50 0.0 8.1 98 
0.? 4.0 7.4 10.4 
Ave > 0 ~ ( 
1.0 43.3 43.3 
) > ) 19.4 4 
0.? 40.8 2 10.0 
\ “| 26.4 
( ) ) ) 
) s 5 1 } 
\ 4 


/ able 4. Alfalfa stands resulting from treating plots with a companion « rop at 


3 heights using 3 rates of 2,4—D 


Oat heigl App Alfalfa stand pet. check 
ncehe Ib A 
1953 I 1 I! Height ave Appl. ave 
4 4 [7 
44.4 4 
54 45.8 
\ 44 4 
S 4 
) 0 ssa 
Ave 4 
5 4 0 
Ave 4 4 4 


the seedlings as reflected in stand counts. Applications made at the 
6-inch stage of grain allowed a better stand of alfalfa plants than 
treatment at the 18-inch stage, notwithstanding a reduction of only 

percent of the spray material at the 6-inch stage in contrast to a 
reduction of 36 percent at the 18-inch stage. 

Ihe climatic conditions at the time of experimentation in 1952 
favored a thick, well-tillered stand of oats. Alfalfa seedlings growing 
in this stand were tall, weak in structure, and easily wet by the spray 
solutions. The increased wettability of the alfalfa leaves at the late 
application dates apparently become more important than the 
reduction in 2,4—D application. Such a response would be in accord 
with those reported in an earlierspaper (2). There is also a possibility 
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that the dense growth of oats in 1952 handicapped more severely 
the recovery of the alfalfa plants affected by the 2,4—D application 
than was the case in 1953. 

The data suggest that the factor of light is important in main- 
taining legumes on areas treated with 2,4—-D through its influence 
on the development and competitive ability of the seedling, and 
through its ability to modify the wetting capacity of the alfalfa 
leaves. 

In the 1953 trials the stand of oats was much less dense and a more 
normal growth of legumes resulted. This is indicated by the stands 
of alfalfa on the check plots which averaged 25.7 and 25.2 plants 
per 2 sq. ft. in 1953 while only 14.2 plants were obtained in 1952 
Under the conditions prevalent in 1953 the interception of the 
spray was probably the primary factor affecting the stands of alfalfa. 
Since more spray was intercepted at the 12- and 18-inch growth 
stage, better stands of alfalfa resulted. 

As was noted in the spray volume study, increasing the rates ol 
2,4-D application reduced the stands + alfalfa. The average stand 
resulting from the 1.0 and 0.25 Ilb/A applications were approxi 
mately 28 and 68 percent of check respectively. 


SUMMARY 


1. Studies were conducted to determine the influence of spray 
volume and height of oats at time of treatment on the amount ol 
2,4-D reaching the level of the underseeded alfalfa and the effect 
of these applications on alfalfa stands. 

2. The volume of spray used to apply 2,4—D influenced the pene 
tration of the spray through the grain canopy. High spray volumes 
were found to penetrate oat leaf canopies more effectively than low 
spray volumes. 

3. Notwithstanding the greater degree of penetration by high 
spray volumes, the toxic effect produced by 2,4—-D on alfalfa was 
reduced, probably as a result of poorer wetting qualities in compan 
ison with low spray volumes. 

4. Interception of sprays by oat-leaf canopies increased from the 
6- through the 18-inch leaf stages. As much as one-third to one-half 
of the spray was intercepted prior to reaching the legume level when 
the grain was 18 inc nes tall at time of treatment. 

5. Application of 2,4—D to oat plots containing an alfalfa seeding, 
at varying heights of grain, indicated that the ultimate survival ol 
the legume seedlings was a function of morphological development 
of the legumes at the time of chemical treatment, as well as a mani 
festation of the protection afforded them by the grain canopy. 

6. In general, it appears that the least suilleetion in stands « 
alfalfa from applications of 2,4—D will result when stands of oats 
sown with this legume are about 12 inches tall at time of treatment. 
At this time a leaf canopy has developed which will reduce thx 
spray application appreciably but the legume seedlings will not 
have been subjected to sufficient shading to increase leaf wettability 
or to reduce the vigor of the seedlings. 
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7. The application of 0.25 Ib/A of an amine salt of 2,4—D under 
favorable conditions reduced alfalfa stands to about two-thirds that 
of the untreated check plots. Application of 0.5 and 1.0 lb/A of 
2.4-D frequently reduced the stands drastically. 

8. Stands of alfalfa remaining after treatment with 2,4—D varied 
widely depending on the combination of the many conditions 
prevalent at time of and following the application of the herbicides. 


LITERATURE CITED 


1. OuURCHILL, B. R., and Gricspy, B. H. Effects of herbicides upon legume 
seedlings. NCWCC Res. Rept. p. 110. 1950. 

2. Dorscuner, K. P., and BucHHoitz, K. P. Wetting ability of aqueous herbi 
cidal sprays as a factor influencing stands of alfalfa seedlings. Agron. Jour. 
18:59-63. 1956 

} , and \ spectrophotometric method for the determination 
of several chlorinated phenoxyacetic plant growth-regulators. Weeds 
5:102-107. 1957. 

1. Mitier, J. H., and Dunnam, R. S. The effect of ierbicides on legumes sown 
with oats. NCWCC Res. Rept. p. 77. 1951. 

) , and - The effect of herbicides on legumes sown with flax 
NCWCC Res. Rept. p. 76. 1951. 

6. Smira, H. H. Quantitative aspects of aqueous spray applications of 2.4—-D 
acid for herbicidal purposes. Bot. Gaz. 107:544-551. 1946 

7. Witriarpb, C. ]., and Brrnarp, R. L. Yields of alfalfa-clover mixtures sown 
in 2,4-D treated oats. NCWCC Res. Rept. p. 79. 1951 








The Effects of Wind on Delivery Patterns of Nozzles 
Used for Weed Spraying’ 


M. J. Morcan, L. W. RasMussen, and L. W. Orton? 


= regulating type herbicides have been found to be effective 
when applied in low volume sprays. Uniformity of spray appli 
cation has become a paramount requirement because of the high 
concentration of the spray solution. Volumes of one to ten gallons olf 
solution per acre are not uncommon. Low volume application re 
quires good design, construction, and operation of equipment. Air 
movement, temperature, and humidity also influence the spray 
deposition. 

Air movement is seldom, if ever, absent. Even in still atmosphere, 
the forward movement of spraying equipment creates turbulence ol 
the air. In many instances plants that are sensitive to herbicides have 
been injured by spray particles which drifted considerable distances 
from the operating equipment. Even within the treated fields injury 
to crop plants, or conversely, inadequate control of weeds, has been 
attributed to uneven distribution caused by air turbulence. Since 
little information was available on the effect of wind on delivery 
patterns of nozzles, a study was undertaken to determine the amount 
of spray deposited at various distances from nozzles with several 
operating pressures and wind velocities perpendicular to the fan of 
the nozzles. 

Weed spray nozzles of the flat fan type generally produce a spray 
angle of 60 to 90 degrees. Several investigators have reported (1, 3. 
5, 7) that the fan angle or width of coverage, within limits, increased 
with an increase of pressure. At low pressures the surface tension 
tends to draw the ends of the fan together and a narrower spray 
angle is produced. It has been noted by Page (6) that pressure 
changes modify the spray pattern angle of low discharge nozzles 
more than that of the larger volume nozzles. 

It has been found by Smith (9) that any given nozzle does not 
produce droplets of only one size but rather produces a continuous 
range of sizes. High discharge (0.3 to 0.6 gpm) nozzles produce a 
wider range of sizes than do low discharge (0.03 to 0.1 gpm) nozzles. 
As orifice size increases, the average droplet size increases, but the 
small droplets typical of small orifice delivery are not eliminated. 
Akesson and Harvey (1) and French (4) showed that with a given 
nozzle the range of droplet size narrowed and the number of small 
droplets increased as pressure increased. 


‘Scientific Paper No. 1548. Washington Agri. Exp. Stations. Work conducted 
under project No. 836. 

*Asst. Prof. and Asst. Agricultural Engineer, Dept. of Agricultural Engineering 
\gronomist and Asst. Director, Agricultural Experiment Stations, and formers 
Res. Asst., Agronomy Dept., respectively, State College of Washington, Pullman 
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METHODS AND MATERIALS 


The equipment used in the study is shown in Figure 1. The main 
body of the tunnel was 32 feet long and 4 feet square. The motor 
and propeller housing at the exhaust end of the tunnel increased the 
overall length to 36 feet. The tunnel was constructed of 14-inch 
Douglas fir plywood and dimension lumber. Honeycomb baffles were 
secured in each end of the tunnel to reduce turbulence and to 
produce as nearly as possible a uniform flow of air. A wooden 
propeller, 4 feet in length, was directly driven by a 5-hp, 1750 rpm 
electric motor. This furnished the air movement through the tunnel. 
Air velocity was controlled by two manually operated sliding ply- 
wood gates carried in channels at the exhaust end of the motor 
housing. Settings of these gates were determined for air velocities 
of 2, 6.5, and 13.5 miles per hour, as measured with a velometer. 
Velometer readings were taken at various points in the cross section 
to obtain average velocities in the tunnel. 
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Figure 1. General view of wind tunnel; intake end in foreground 


The test section (Figure 2) was located about 9 feet from the intake 
end of the tunnel. This section included an access door, a water pipe 
with connection tor one nozzle, necessary valves and switches, and 
two interchangeable collection trays as described by Barger et al. (2). 
Ihe trays were made of galvanized iron with corrugations 234 inches 
on centers. Spray deposited in each corrugation was collected and 
measured volumetrically. In Position 2, a collection tray with cor 


rugations placed longitudinally in the tunnel was used to measure 
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Figure 2. View of test end stand with collection tray installed for Position 


spray fan distortion. In Position 1, the corrugations of the collection 
tray were placed at right angles to the air movement to measure the 
down wind displacement of the spray pattern by wind. The quan 
tities of water at each corrugation were calculated as a percentag: 
of the average mid-point value at 0 mph; that is, directly below 
the nozzle. This method makes data presentation more convenient 
In all tests the fan of the spray pattern was turned at right angles 
to the direction of the wind. 

Spray drift potential was also measured by use of stainless steel 
plates positioned at intervals on the floor of the tunnel down wind 
from the nozzles. Four of these (1 by 3 inch) stainless steel plates wer 
placed equidistant across the floor of the tunnel at each location 
10, 14, 18 and 22 feet down wind from the test nozzles. A wate 
soluble dye, pontamine blue, was used in a known concentration in 
water for these tests. After each test at a given pressure and wind 
velocity, the dye solution was washed from the plates and made to a 
standard volume. Measurement with an Evelyn photoelectric colon 
imeter gave relative density values for the spray collected. Within 
the range used, the density values obtained were essentially linea 
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Table 1. A comparison of the nozzles used showing the nozzle angle, the 
hour at 30 


manufacturer’s rating and the calibrated rating in gallons per 
pounds per square inch and at 0 mph wind. 


Nossic Nossk Manufacturer's Calibrated 
brand number rating rating 
gal /hr gal/hr 
\ 27.0 25.5 
79> 
3 3.6 
B ”) 31.2 d 
15 7B .~ 
( 


067 5.6 
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Nozzle angl« 
degrees 


with concentration. A comparison of the nozzles used are shown in 
lable 1. The nozzles of each size were selected at random. The sizes 
were chosen as representative of the sizes used for application of 


erowth-regulating herbicides. 


RESULTS 


Ihe results of the tests are shown graphically in Figures 3 through 
9. These were plotted for each 23% inches by using volume of ma- 
terial collected. The distance along the abscissa is shown in even two 
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Figure 3. Effects of different wind velocities on the spray patterns of nozzle 


at 30 psi. Above, Position 1; below, Position 2 
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Figure 4, Effects of different wind velocities on the spray pattern of nozzle 
at 30 psi. Above, Position 1; below, Position 2 


vf 


inch increments although the data were plotted for each 234 inches 
The experiment was designed and analyzed as a factorial with two 
replicates. 

The data obtained from Position | tests show the total displace 
ment of the spray measured to a distance 26 inches down wind from 
the nozzles; collection was made at right angles to the wind. 

A comparison of Figure 5, Position 1 and Figure 6, Position | 
show the relative drift effect on the smallest and largest nozzles tested 
at a pressure of 30 psi. Figure 8, Position | and Figure 9, Position | 
show a comparison of spray displacement when the smallest nozzles 
of brand B were tested at two different pressures. It is apparent that 
an increase in pressure caused an increase in the amount of drift, 
especially when small nozzles were tested. 

For each nozzle, the amount of spray carried down wind beyond 
the collection tray was calculated by differences and converted to a 
percentage of the total collected at zero wind. Nozzles 067 and 600, 
the smallest and the largest nozzles of brand B, will serve as an 
example of the results of the tests run at 30 psi. With number 067, 
the smaller of the two nozzles, the percentage losses at air velocities 
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Figure 5. Effects of different wind velocities on the spray pattern of nozzle 22 


at 30 psi. Above, Position 1; below, Position 2 


ol 2, 6.5 and 13.5 mph were 5.5, 16.7 and 29.4, respectively. The same 
tests with nozzle 600 showed 0.6, 1.2 and 3.1 percentage losses over 
the same air velocities. An increase in wind had a relatively greater 
effect on drift of the low discharge nozzle. As will be shown later, this 
does not necessarily mean a greater total amount of drift with the 
low discharge nozzle. 

Position 2 of each figure shows the distribution patterns of each 
nozzle at zero wind velocity and also the distortion of the pattern by 
increasing wind velocities. In these tests, collection was made parallel 
to the wind. At zero wind, few of the patterns approached symmetry 
or the idealized pattern of gradually decreasing volume of spray at 
the ends. Some of the patterns showed erratic variations in volume ol 
spray from end to end (Figure 4, Position 2.) 

Increasing air velocity produced an effect which was characteristic 
of all nozzles tested. The center of the spray pattern was blown out 
in varying degrees of severity but the ends remained rather constant 
or even increased in volume (Position 2, Figures 3, 4, 5, 6, 7, 8, 9). 
his indicates that relatively large droplets were concentrated at 
ends of the elliptical spray patterns produced by the nozzles. The 
patterns of low discharge nozzles were altered to a greater extent by 
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Figure 6. Effects of different wind velocities on the spray pattern of nozzle 600 
at 30 psi. Above, Position 1; below, Position 2 


an increase in wind than the patterns of high discharge nozzles. This 
is illustrated rather effectively in Position 2, Figures 3 and 5. The 
pattern of number 59, a high discharge nozzle of brand A, remained 
relatively uniform with an increase in wind, although the effect of 
increased volume at the ends of the pattern appeared here also. The 
pattern of number 22, a low discharge nozzle of brand A, underwent 
extreme alteration as the wind velocity was increased. 

In another series of tests, using steel plates, differences in relative 
drift were determined at points beyond the collection tray up to a 
distance of 22 feet down wind from the nozzle support. The color 
imeter density values, used as a measure of spray collected on the 
plates, were analyzed statistically. 

The three variables studied were found to cause highly significant 
differences in spray drift over the distances measured. Spray drift 
increased with increased pressure, air velocity, and decrease in nozzle 
size (Table 2). These effects apparently reflect droplet size relation 
ships. The low discharge nozzles produced a larger proportion of 
small droplets, while the higher pressure of 45 psi increased the 
number of small droplets produced by a given nozzle. 
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Figure Effects of different wind velocities on the spray pattern of nozzle 150 
at 30 psi. \bove. Position 1: below, Position 2 
lable 2. The effect of wind velocity, nozzle orifice size, and pressure on spray 
distribution expressed as treatment means. 
Colorimeter density va 
\ t N Wied = wenek Pressure x nozzi Wind x press x nozzle interaction 
ber eraction interaction P 
np! 15.5 mph 
npt mpl 30 psi 45 psi ) psi 45 ps 30 psi 45 psi 
194 0.047 0.072 020 02 0.07 0.115 
040 Oo9os 0.064 0.079 nih } 043 OoTs 0.11 
m4 0.078 0,082 64 8 071 0.0° 
ix ivan’ 0.061 0 O80 »041 5 OR 1 0.104 
0.065 0.070 041 > 037 0. OR9 0.103 
ow ( 4 18 ) O48 0.048 of ? 01 0.07 00 
Mear 40 ) 0.058 0.072 0.039 0.94? 0.07 102 


Che treatment means of the wind x pressure interaction, as shown 


in Table 


2, indicate that at the low wind velocity of 6.5 mph the 


change in pressure caused only minor differences in tendency to 
drift. However, at the higher wind velocity of 13.5 mph drift in- 
creased greatly when pressure was increased from 30 to 45 psi. 
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Figure 8. Effects of different wind velocities on the spray pattern of nozsle 067 
at 30 psi. Above, Position 1; below, Position 2 


Ihe wind x nozzle interaction is especially interesting because 
it contradicts the common assumption that drifting of spray ma 
terials can be reduced by using nozzles with large orifices. It was 
found that this assumption holds true with the lower wind velocity 
of 6.5 mph but not with the higher wind. At 13.5 mph with brand 
there was an increase in drift from the high discharge nozzle as com 
pared with the low discharge nozzle of that brand. With brand B 
the same comparison showed a small decrease in drift. At the lowe: 
wind velocity (6.5 mph) the drift from each of the two low discharg« 
nozzles of the two brands was approximately triple that of the high 
discharge nozzles. 

The wind x distance interaction was also highly significant, 
indicating a differential effect of the two wind velocities over the foui 
distances. The treatment means in Table 3 show that a propor 
tionately greater amount of spray was deposited at the 22-foot posi 
tion with the higher wind velocity of 13.5 mph. This was almost one 
fourth the amount collected at the 10-foot point. The same compat 
ison at the lower wind velocity reveals that the amount collected at 
the 22-foot distance was somewhat less than one sixth the amount 


collected at the 10-foot distance. 
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/. Effects of different wind velocities on the spray pattern of nozzle 067 
at 45 psi. Above, Position 1; below, Position 2 


3. The effect of wind velocity, distance, and pressure on spray distribution 
expressed as treatment means for all nozzles 


ince 


0.09 
O.O58 


0.043 


discovery and development of chemicals toxic 
minute amounts has encouraged the use of low-volume 
of herbicides. Such spray applic ations require nozzles of 


mph 


Colorimeter 


Pressure x distance 


30 psi 45 psi 
0.112 0.133 
0.061 0.07 

O.0485 0.044 
0.025 0.032 


DISCUSSION 


density val 


Wind x pressure x distance interaction 
mpl 13.5 mpb 
0 ps 45 psi 0 psi 4 ps 
, ORR 0.088 0.137 0.178 
0.03 0.040 0.08 0.11 
001 0.02 0.051 0.0 
oo oo oOo, 0.04 


to weeds in 
applications 
small orifice 


size which unavoidably produce numerous small droplets and aggra 
vate the problem of drift of spray material by wind. It has been 
commonly accepted that the use of high discharge nozzles for spray 
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ing herbicides in windy conditions would reduce drift and decrease 
the probability of damage to neighboring fields of plants sensitive 
to herbicides. At higher wind velocities there is little advantage in 
using nozzles with larger orifices in an effort to reduce drift of spray 
materials. 

However, it was shown in this study that with a wind velocity of 
13.5 mph the volume of drift from high discharge and low discharge 
nozzles was approximately the same. Shanks and Peterson (8) and 
Smith (9) have shown that high discharge nozzles produce a range 
of droplet sizes comparable to those from small discharge nozzles. 
In addition there is a range of larger sizes produced. Apparently 
the total volume of droplets of a certain size range acted upon by a 
wind velocity of 13.5 mph does not vary greatly in patterns from 
nozzles of various sizes. When low discharge nozzles are used in 
field spraying, higher concentrations of herbicides are ordinarily 
required and there is greater danger of crop injury from drifting 
material. There is no reason to believe, however, that drifting 
droplets from high discharge nozzles are of such low concentration 
that there is no possibility of damaging plants sensitive to herbicides. 

In the calibration of nozzles under no-wind conditions for use 
in this study considerable variations in delivery rates were observed. 
The use of such nozzles in actual spraying would result in an excess 
or a deficiency of the calculated amount of herbicide. The noticeable 
lack of symmetry of the spray patterns could also cause uneven appli 
cations in the field. Spacing nozzles along the boom to get double 
coverage of the spray materials might smooth out some of these 
irregularities, although the distribution would not be completely) 
uniform. The condition could be somewhat alleviated by rotating a 
nozzle 180 degrees where excessive volume of spray material is found 
midway between two adjacent nozzles. 

Several investigators have reported an increase in fan width of 
spray patterns by increased pressures (1, 2, 3, 6, 9). In this study a 
slight increase in fan width for some of the nozzles was observed 
but the changes were neither uniform nor consistent. Often the 
increase in width was not symmetrical. However, the method of 
collecting spray in the corrugated trays did not permit accurate 
measurement of small differences at the ends of the spray pattern, 
so differences of less than two per cent were not considered. An 
increase in length of test run would have given a better measure of 
changes in fan width, but this was not feasible with the size of con 
tainers used for collection across the center of the nozzle pattern. 


SUMMARY 


1. Tests were run in a wind tunnel on six fan-type weed spray 
nozzles of various sizes to determine the effect of wind on the spray 
pattern at pressures of 30 psi and 45 psi. The air velocities selected 
were 0, 2, 6.5, and 13.5 mph. Total displacement and relative dis 
tortion of the spray patterns were measured by collecting the spray 
on corrugated trays. Measures of drift beyond the corrugated trays 
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were made by collecting spray on small steel plates placed on the 
floor of the tunnel. 

2. Nozzle patterns in still air differed greatly. Some nozzles de 
livered a large volume at the center of the pattern. Some delivered 
the greatest volume away from the center of the pattern, and others 
produced unsymmetrical patterns. 

3. It was found that spray patterns of small orifice nozzles were 
more subject to drift than patterns from the high discharge nozzles. 
Increased pressure caused greater drift with all nozzles tested. 

1. There was less spray drift, on a volume basis, from high dis 
charge nozzles than from low discharge nozzles at 6.5 mph; and at 
13.5 mph, there was about the same amount of drift from both sizes 
of nozzles. 

5. The drift effect of wind was greater at the centers than at the 
ends of the spray patterns of all nozzles tested. Apparently there was 
a greater proportion of large droplets at the ends of the patterns. 

6. An increase in pressure from 30 to 45 psi produced a differential 
response in spray drift with a change in air velocity. A negligible dif- 
ference in drift was produced at the two different pressures at the 
lower air velocity of 6.5 mph. The drift of spray material at 45 psi 
was significantly greater than the drift at 30 psi at an air velocity of 
13.5 mph. 
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Pre-Emergence Weed Control in Soybeans’ 


HENRY W. INDYK? 


Sys of the major problems in present-day soybean production is 
weed control. The increased interest in profit: ible soybean pro 
duction in recent years has stimulated a demand for a satisfactory 
and economical means of chemical control to supplement cultural 
practices. The gradual shift from solid planting to row planting has 
practically eliminated the problem of weeds between rows, but it 
has not solved the critical problem of weed growth in the row. 

Weed infestations, in the row, which survived cultivation were 
found to reduce soybean yields approximately 10 percent (9). Weeds 
not only compete with the soybeans for nutrients, moisture, and 
light, but also interfere with harvesting operations and may lowe) 
the quality of the soybean seed. Soybeans are excellent weed com 
petitors after they become well established and when environmental 
conditions are favorable for rapid growth. However, their competi 
tive efficiency is at a minimum from the time of planting to the 
time the soybean plants form a dense vegetative cover. An economical 
and reliable means of chemical control of weeds, particularly during 
this critical 4 to 6 week period, would be desirable for supplementing 
present means of cultural control. Because of the sensitivity of the 
soybean plant to present day herbicides, it appears that pri 
emergence chemical treatments would be more promising than post 
emergence treatments. 

In order to receive wide acceptance under Delaware conditions, 
the herbicide must be satisfactory for use on the light textured soils 
which are predominant in the soybean producing areas of the state 
Among the most troublesome weeds are pigweed (Amaranthus retro 
flexus), lamb’s quarters (Chenopodium album), ragweed (Ambrosia 
artemistifolia), morning glory (Ipomea spp.) and crabgrass (Digitaria 
spp.). This paper is a summary of the performance of various herbi 
cides evaluated as pre-emergence treatments on soybeans during th 
three-year period, 1954 to 1956 inclusive. 


LITERATURE REVIEW 


Considerable attention by many investigators has been devoted to 
chemical control of weeds in soybeans. However, progress has been 
comparatively slow. The limited number of recommendations fon 
chemical control of weeds in soybeans at present are not receiving 
very wide or rapid acceptance for practical application in thei 
respective areas of adaptation because of the varied results and cost 
of treatment. 

The most promising results from pre-emergence chemical treat 
ments appear to be centered primarily upon DNBP (4,6—dinitro 
ortho secondary butylphenol) and CIPC (isopropyl N-(3—chloro 


Misc. Paper No. 259, Delaware Agri. Exp. Sta., Newark 
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phenyl )carbamate) and to some extent upon NPA (N-I-naphthyl 
phthalamic acid), NaPCP (sodium pentachlorophenate), and 2,4—D 
(2,4-dichlorophenoxyacetic acid) (2, 3, 4, 5, 6, 8, 10, 11, 12, 13). 
Previous work in Delaware conducted by Springer* indicated NPA 
and 2,4—D to be superior to other herbicides which were evaluated. 

In summarizing some of the suggested practices of the various 
weed conferences, a U.S.D.A. report specified CIPC or DNBP at 4 
to 8 pounds in 10 to 20 gallons of water per acre for pre-emergence 
application for the control of annual weeds in soybeans (1). The 
report further states that “if heavy rains follow application and 
prior to crop emergence, treatment may injure beans; if prolonged 
drought follows application, weed control may be erratic. DNBP 
compounds produce vapors toxic to soybean seedlings if tempera- 
tures of 88° F or higher prevail for 5 to 10 continuous days when 
soybeans are emerging. Temperatures of 90° F or higher cause rapid 
evaporation of both CIPC and DNBP and may greatly reduce thei 
period of effective weed control.” 

A chemical which is showing considerable promise for grass con- 
trol in the midwest is CDAA (2-—chloro—N,N-—diallylacetamide). ‘Iwo 
years of research indicate it to be affected less by varied weather 
conditions than other herbicides (7). In addition, the soybean 
seedlings appear to have a high degree of tolerance to this chemical. 


\IATERIALS AND METHODS 


Numerous herbicides were evaluated as pre-emergence treatments 
on soybeans at two locations in Delaware. The soil type represented 
at the southern location (Georgetown) in 1954 and 1956 was a 
Norfolk loamy sand and at the northern location (Newark) in 1954, 
1955, and 1956 a Sassafras loam. The 1955 test at Georgetown was 
abandoned because ol: (1) an uneven stand of soybeans as a result of 
an infestation of corn seed maggot and (2) an abnormally high nut- 
grass population which predominated. 

Ihe herbicides which were included in these studies were as follows: 
2,4—-dichlorophenoxyacetic acid, triethanolamine (2,4-D amine); 
butanediol ester of 2,4-D (2,4-D butanediol ester); isopropy! este! 
of 2,4—D (2,4—D isopropyl ester); 2,4-D acetamide (Emid); 2-(2,4,5- 
trichlorophenoxy) propionic acid, amine [2-(2,4,5-TP)A]; the 
propylene glycol butyl ether ester of 2,4,5-T propionic |2-(2,4,5- 
rP)E}; methyl-4—-chlorophenoxy-n—butyri acid (4—MCPB); 
sodium pentachlorophenate (NaPCP); pentachlorophenol (PCP); 
4,6-dinitro ortho secondary butylphenol, alkanolamine salt (DNBP); 
N-I-naphthyl phthalamic acid (NPA); sodium salt of NPA 
(NaNPA); 2-chloro—N,N-diethylacetamide (CDEA); 2—chloro—N,N- 
diallylacetamide (CDAA); 2-chloroallyl diethyldithiocarbamate 
(CDEC); soe: N-(3—chlorophenyl) carbamate (CIPC); (l- 
chloropropyl—2)N-—(3—chlorophenyl)carbamate (CPPC);  sec.-buty! 
N-(3-chlorophenyl)carbamate (BCPC); 3-(p- chlorophenyl)—1,1—di 


Springer, F. B. Pre-emergence chemical weed control in soybeans. M. S. thesis, 
University of Delaware. 1954, 
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methylurea (monuron); 3-(3,4-dichlorophenyl)—1,1-—dimethylurea 
(diuron); 3-—(3,4-dichlorophenyl)—|l—methyl—l—n—butylurea (nebu- 
ron); sodium 2,4,5-trichlorophenoxyethy! sulfate (2,4,5-TES); so- 
dium 2,4-dichlorophenoxyethy! benzoate (2,4-DEB); disodium 3,6- 
cndoxohexahydrophthalate (endothal); 3-amino-—1,2,4-triazole 
(ATA); and 2,4—dic een I at thyl phosphite (3Y9). The rates of 
application, years e\ valuated, and locations at which evaluated are 
indicated in Tables 1, 2, and 3. 

Wabash soybeans were seeded in rows at a depth of approximately 
1.5 inches and at the rate of 40 pounds of seed per acre. Seeding dates 
at Georgetown were June 2 and 12 for 1954 and 1956 respectively; 
Newark, June 9, 6, and 8 for 1954, 1955, and 1956 respectively. Indi 
vidual plots consisted of 4 rows with each row 18 feet long and spaced 
3 feet apart. Each herbicide at the specified rates was applied oven 
the entire area of its respective plot using a garden tractor-mounted 
sprayer at a pressure of 30 psi. ‘The low rate of each herbicide was 
applied in solution at the rate of 25 gallons per acre. The double 
rate of each herbicide was applied by spraying the —— plots 
twice using the single rate calibration on the sprayer. All treatments 
were replicated in triplicate. 

Two check plots were maintained, one of which received the same 
cultivation treatment as the chemically treated plots (designated as 
the check treatment). The other check received cultivation as needed, 
commencing at the time of seeding and continuing throughout the 
growing season (designated as the check-cultivated treatment). The 
latter check treatment generally required two cultivations during 
the initial 35-day period "before all plots were cultivated. 

The performance of the herbicides was evaluated on the basis of 
suppression of weed growth and the effect on soybean stand and 
vield. Weed control, determined by visual estimates of broadleaves 
and grasses individually, was rated from 0 to 10; 0 representing no 
weed control and 10 perfect control. Weed control ratings and soy- 
bean stand counts were taken 35 days after application of chemical 
treatments. Soybean stand counts were taken from 12.5 feet of each 
of the two center rows in each plot and expressed as percentage 
stand reduction on the basis of the plot indicated as check. During 
the remainder of the growing season, all plots were cultivated as 
needed to control emerging weeds in all tests with the exception of 
the 1954 test at Newark. In this test, the chemically treated plots and 
check received no cultivation for the entire season. The check-culti- 
vated plot was cultivated as required during the entire season for 
cultural control of weeds. Soybean yield data were determined from 
samples harvested from 12.5 feet of each of the two center rows of 
each plot. 


RESULTS AND DISCUSSION 


1954. The performance of the herbicides evaluated in 1954 at 
Georgetown and Newark is summarized in Table |. At George 
town, soil moisture at the time of planting soybeans was satisfactory 
for good soybean and weed germination. During the 35-day period 
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lable 1. The effect of pre-emergence herbicides on weed control, soybean 
stand, and soybean yield at the indicated locations in 1954. 


Georgetown Newark 
Weed control Soy- Weed Soy- Soy- 
Treatment R axe rating® bean Soy- control bean bean 
Ibs /A stand bean rating* stand yield 
Broad- reduc- yield reduc- bu/A 
leaves Grasses tion bu/A Broad- tion 
. A . c 
fi leaves ‘ 
2,4-D amine 1 7.5 6.5 6.0 20.5 6.1 0.0 17.3 
2,4-D amine ~ 6.3 14.0 17.9 s 0.0 22.4 
2.4-D butanediol ester 0.5 4 5.4 8.0 26.3 0.0 2.4 10.9 
2.4—D butanediol ester 1 6.5 6.2 10.0 25.7 5.0 12.2 15.4 
2 (2,4,5-TP)A l 7.5 5.7 13.3 29.5 2.7 1.2 15.8 
2 (2,4,5-TP)A 8.4 5.3 14.7 27.6 5.0 8.5 14.3 
2,4,5-TP)t 7.4 3.8 0.0 23.7 2.8 4.9 17.8 
? (2,4,5-TP)E 8.3 7.4 11.3 19.8 6.1 12.2 17.8 
NaPCP 1 6.9 2.3 5.3 32.9 1.7 7.3 12.7 
NaPCP 8.8 7.2 6.0 31.0 >? 12.2 17.1 
DNBP 5.8 0.8 0 30.4 0.0 0.0 2.9 
DNBP 8.0 4.5 1.3 29.2 1.1 3 8.9 
NPA 5.7 5.5 5.3 26.0 B®, 0.0 16.3 
NPA 4 - 6.9 10.0 27.2 3 6.1 13.3 
CIP¢ 4.6 0.5 6.7 21.6 0.0 1.2 16.0 
CPC 4 6.5 3.5 9.3 21.6 0.0 1.2 17.2 
CPP 2 2.9 1.8 0.0 17.8 0.0 0.0 8.4 
CPP 4 5.6 4.4 6.0 20.5 0.0 0.0 8.0 
Monuron 0.5 6.5 4.4 5.3 22.3 0.0 1.2 8.2 
Monuron l 7.6 6.3 8.0 23.7 0.0 13.4 10.2 
Diuron 0.5 1.3 4.8 0.7 27 1.1 0.0 10.8 
Diuron l 8.5 7.5 10.0 30.0 > 2 12.2 10.2 
2,.4-DEB ) 7.5 7.8 6.0 21.1 4.9 3.7 19.5 
2,4-DEB 4 5 7.8 12 21.1 ) 6.1 26.0 
2,4,5-TES ; 7.5 7.4 2.0 25.2 ) 0.0 15.4 
2,4,5-TES 4 7.7 7.2 10.7 28.9 6.1 2.4 16.4 
Endothal 3 4.5 0.2 2.7 17 0.6 0.0 11.3 
Endothal 6 5.8 1.4 14.0 15.9 5.0 8.5 12.0 
ATA 3 9.0 6.3 25.3 17.1 0.0 0.0 10.7 
ATA 6 7.2 6.6 48.7 12 ).0 7.3 12.6 
NaPCP +2,4-D 
isopropyl ester 12.5+1 6.1 2.4 27.4 
NaPCP +2,4-D 
isopropyl ester 8.3 0.0 29.1 
Cheek 0.0 0.0 0.0 19.5 0.0 0.0 12.4 
Check-cultivated® 8.2 7.4 3.3 24.6 7.2 0.0 26.3 
L.S.D 05 9.3 7.3 
01 12,4 9.7 


*Weed control rating: 0=no control, 10 =perfect control. Grass population at Newark very 
sparse morning glory predominated. 

650-50 oil-water carrier. 

eCheck—received cultivation identical to chemically treated plots. 

iCheck-cultivated—received cultivation as needed, commencing at time of planting 


after planting on June 2, rainfall (inches) was recorded as follows: 
June 10—.41, 13—.35, 14—.12, 15—.08, and 26—.12; July 2—.01, 
i—.21, 5—.63, and 6—.75. Maximum daily temperatures of 85° F 
or above during this same period were recorded on 22 days, 13 days of 
which were 90° F or above. 

Broadleaf weed growth, predominantly pigweed, lamb’s quarters, 
and ragweed, was very effectively controlled with NaPCP at the 
rate of 25 lbs. per acre (Table 1). Although somewhat less effective 
in the control of grasses (predominantly crabgrass) satisfactory results 
were obtained. Soybean stands were slightly reduced but without a 
a unt reduction in yield. The yield of 31.0 bu. per acre from the 

NaPCP treated plot represented a statistically significant increase, 
approac hing the | percent level, above the check plot. In comparison 
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to the check-cultivated plot the yield increase was 6.5 bushels but 
statistically insignificant. 

Included among the remaining chemicals which showed promise 
in satisfactory weed control without serious soybean yield reductions 
were diuron at | lb. per acre, DNBP at 6 lbs. per acre, 2—(2,4,5—-TP)A 
at 2 Ibs. per acre, NPA at 4 Ibs. per acre, and 2,4,5—TES at 4 lbs. per 
acre. 2,4-D amine, 2-(2,4,5-TP)E, monuron, and 2,4-DEB gave 
satisfactory weed control but sllaced soybean yields. 

At Newark weather conditions, characterized by abnormally low 
rainfall and high temperatures, were very unfavorable for both 
soybean and weed germination. Subsequent to planting soybeans on 
June 9, soil moisture was deficient. During the 35-day period follow- 
ing planting, rainfall (inches) was recorded as follows: June 14—.25, 
15—.10, 17—.09, and 26—.12; July 4—.11, 5—.07, 6—.15, 7—.02, and 
9—.41. Maximum daily temperatures of 85° F or above were re 
corded on 24 days during this same period, 15 days of which were 
90° F or above. 

The weed population consisted almost exclusively of a heavy 
infestation of morning glory. Accordingly, the performance of the 
herbicide treatments was evaluated on the basis of controlling morn 
ing glory. The normal procedure of cultivation of all plots after the 
initial 35-day period was not practiced in this test. Because of the 
dense and viney growth of morning glory which entangled the soy- 
bean plants in ihe plots where little or no control of morning glory 
was obtained it was not possible to cultivate without causing serious 
defoliation of the soybean plants. Consequently, it was decided to 
eliminate cultivation on all plots excepting the check-cultivated 
plot. 

Excellent control of morning glory was obtained from a mixture 
of 25 lbs. of NaPCP and 2 lbs. of 2,4—-D isopropyl ester per acre 
emulsified in a 50-50 oil-water carrier. Stoddard solvent was used as 
the oil component of the oil-water carrier. Stoddard solvent alone 
was not included in the test but it was applied to border rows of the 
experimental area. Very little, if any, control of morning glory was 
noted. It was interesting to note that the NaPCP + 2,4—-D mixture 
gave excellent control of weeds during the entire season even though 
no means of cultural control was used. The vield of sovbeans from 
the plot treated with this chemical mixture was 29.1 bushels per 
acre as compared to 26.3 bushels per acre from the check plot which 
received cultivation throughout the entire season. On the basis ol 
these facts, the question arises as to the usefulness of cultivation fon 
purposes other than weed control. 

2,4—DEB at 4 Ibs. per acre did not materially reduce the morning 
glory population but it did produce a stunting effect from which 
the morning glory did not recover. The application of 2,4—D amine 
at 2 lbs. per acre also showed some promise in controlling the morn 
ing glory but reduced the soybean yield. 

1955. No data are prese nted for the Georectown location. Pre 
viously it was mentioned that this test failed. The results at the 
Newark location are presented in Table 2 
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lable 2. The effect of pre-emergence herbicides on weed control, soybean 
stand, and soybean yield at Newark in 1955. 


Weed control rating* Soybean Sovbean 
Trea Rate ar yi 
Ibs/A Broad- Ceneis reduction bu/A 
le ives 
4—D amine | 3.0 .0 
4—-D amine 2 4.3 ) 1 
»4.5-TP)A 1 6.3 ) 
».4,5-TP)A , 8.3 40.0 
NaPCP 12.5 4.0 7 0 24 
NaPCI 4 8.0 ‘ ) ) 
DNBP 0 0.0 ? 17.4 
DNBI ‘ 
NaNPA 4.0 1 
NaNPA 4 6 
CPPC 0 
CPP( ) 1.0 { 4 
+. rES 4.3 4 , 
4,5-TES 1 
CDAA ) 
CDAA ) 0 i 
CDEA .0 . 
CDEA 1¢ 
CDEC ‘ 
CDEC 10 r ) 1 
NaPCP 4-l) 1 5 ’ 
NaPCP +2,4-D 8 8 
NaPCP +CDE(¢ ) 
NaPCP +CDE¢ ) ) 4 
| CA i) ) 
( k i 8 
L.S.D , 
13.0 
*Weed control ratir 0 =no control, 10 = perfect control. 
b50—50 oil-water carrier 
Check—received cultivation identical to chemically treated plot 
ICheck-cultivated received ilt ution as needed, commencing at ti 


Soil moisture at Newark on the date of planting, June 6, was 
deficient. During the following 35-day period, above normal rain 
fall (inches) was recorded as follows: June 8—1.05, 9—1.85, 11—.88, 
12—.50, 13—.03, 19—.70, 20—.18, 23—.55, 24—.07, and 25—1.05; 
July 10—.04. Maximum daily temperatures of 85° F or above during 
this same period were recorded for 19 davs, 8 davs of which were 
90° F or above. 

The heavy weed intestation was predominantly pigweed, lamb’s 
quarters, and crabgrass. The results in Table 2 indicate very good 
broadleaf control from NaPCP at 25 Ibs. per acre. The yield of 37.0 
bu. per acre was 7.2 bushels higher than the check-cultivated plot. 
Grass control was poor. Very good control of grasses and fair control 
of broadleaves was obtained with CDEC at 10 Ibs. per acre. In the 
control of both broadleaves and grasses without any reduction in soy 
bean yield, a mixture of NaPCP and CDEC at 20 and 10 Ibs. per acre, 
respectively, was superior to all treatments included in this study. 
Similar to the 1954 results, the NaPCP and 2,4-D mixture at the 
high rate resulted in very good weed control. 

\mong the remaining treatments, NaNPA at 4 Ibs. per acre 
showed most promise. 2—(2,4,5-TP)A at 2 Ibs. per acre produced 
eood control of weeds but seriously reduced the soybean stand and 
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Table 3. The effect of pre-emergence herbicides on weed control, soybean 
stand, and soybean yield at the indicated locations in 1956. 

















Georgetown | Newark 
Rate Weed Soy- | | Weed control Soy- 
Treatment Ibs/A control bean Soy- | rating* bean | Soy- 
| rating® | stand bean - stand | bean 
| - | reduc- yield Broad- reduc- yield 
| Grasses Gon bu/A leaves Grasses tion bu/A 
€ | | ‘ 
2,4-D amine 1 7.0 38.3 12.9 6.7 5.7 9.5 29 
2,4-D amine | 2 9.7 78.3 1 9.0 6.7 31.0 25.7 
Emi 2 9.0 45.0 10.7 8.0 6.0 34.0 26.5 
Emid 4 10.0 65.0 9.7 9.3 8.0 62.5 14.2 
4—(MCPB) 2 7.0 10.0 16.2 8.0 5.3 ,0 26.3 
4—(MCPB) 4 9.0 51.7 14.8 9.0 7.3 31.0 27.0 
NaPCP.. 12.5 2.3 0.0 13.4 yar 6.3 0.0 31.3 
NaPCP. 25 8.3 0.0 20.6 8.7 1.7 0.0 | 31.3 
PCP 12.5 2.0 0.0 18.1 6.7 6.0 0.0 27.9 
PCP. 25 7.5 0.0 19.8 8.0 3 3.5 29.3 
DNBP 4 3.7 | 0.0 17.6 6.3 4 0.0 4 
DNBP s 6.7 | 0.0 22.4 .0 0 26.3 
NaNPA 2 6.7 15.0 | 14.8 6.7 6.3 1.0 29.8 
NaNPA 4 9.0 18.3 13.0 0 0.0 27 
BCPC 6 0.7 0.0 14.3 3 40 8.5 | 13 
BCPC 12 5.7 0.0 14.0 5.3 10.0 16.1 
CPPC 6 | 43 6.0 0.0 4 
CPPC 12 | - 6.0 8.0 2.0 23.3 
CDAA 4 "(64 0.0 24.2 3.0 ? 0.0 3.4 
CDAA 8 9.7 0.0 26.9 3.7 8.7 0.0 24 
CDEC 4 2.3 0.0 11.2 4.3 0 0.0 26.1 
CDEC 6.7 6.7 10.2 6.0 8.3 1.5 29.0 
Neburon 2 3.0 0.0 | 10,3 6.3 5.0 0.0 5.3 
Neburon 4 7.3 0.0 | 15.9 8.3 7.7 0.5 ? 
3Y9. 2 8.3 6.7 2 7 
3Y9 4 8.7 8.0 50.0 1 
NaPCP +Emid 10+2 9.0 28.3 16.0 9.3 3 34.0 
NaPCP +Emid 20+4 10.0 71.7 8.1 10.0 8.3 63.5 8.1 
NaPCP+CDEC 10+4 5.3 | 0.0 17.2 8.3 6.7 0.0 32 1 
NaPCP+CDEC 20 +8 8.3 0.0 25.7 3 8.0 12.0 30 
Check» 0.0 0.0 16.4 0.0 0.0 0.0 0) 
Check-cultivated® 5.0 0.0 19.2 7 7 4.0 ) 
L.S.D. .05 10.1 
.O1 NS 12.0 


*Weed control rating: 0 =no control, 10 =perfect control. Broadleaf population at Georgetown 
very sparse—crabgrass predominated. 
bCheck—received cultivation identical to chemically treated plots. 
eCheck-cultivated—received cultivation as needed, commencing at planting tir 





yield. Fair weed control was obtained from 2,4,5—-TES at 6 Ibs. per 
acre but this treatment resulted in a serious reduction in soybean 
stand with a trend toward decreased yield of soybeans. The DNBP 
treatment resulted in poor control of weeds as well as reduced yield 
of soybeans. 

1956. The results of the 1956 tests at Georgetown and Newark are 
presented in Table 3. Soil moisture at Georgetown at planting time, 
June 12, and the following 35 days was very favorable. Rainfall 
(inches) for this period was recorded as follows: June 14—.12, 15 
85, 17—.06, 18—.03, 21—.36, 22—.02, 25—.74, and 27—.16; July 4 
—.16, 5—.21, 6—.31, 8—1.03, 9—.44, 10—.14, 16—.11, and 17—.30. 
Maximum daily temperatures of 85° F or above for this same period 
were recorded for 24 days, 12 days of which were 90° F or above. 

The sparse broadleaf population did not justify a weed control 
rating. The grass population was practically a pure stand of crab 
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grass. CDAA at 8 lbs. per acre was superior to all other treatments 
included in this study (Table 3). Excellent weed control was ob- 
tained without any reduction in soybean yield. Even at the 4 lb. rate 
weed control was very satisfactory. In comparison, only fair control 
was achieved with CDEC at 8 Ibs. per acre. be addition, the yield : 
soybeans was seriously reduced. NaPCP at 25 lbs. per acre and ; 
mixture of NaPCP and CDEC at 20 and 8 Ibs per acre, sapetinabe, 
very effectively controlled the grasses. The phenoxy compounds 
{2,4-D amine, Emid, and 4-(_MCPB)] and NaNPA gave excellent 
control but on the other hand seriously reduced soybean yields. 

Soil moisture at Newark at the time of planting, June 8, was ideal 
but above normal during the following 35 days. Rainfall (inches) 
was recorded as follows: June 11—.60, 16—1.02, 17—.46, 18—.20, 
20—.22, 23—.90, and 27—.37; July 4—.18, 5—.26, 7—.12, 8—.81, and 
i) 1.32. Maximum daily temperatures of 85° F or above for the same 
period were recorded on 19 days, 11 days of which were 90° F or 
above. 

The predominant weed population was pigweed and crabgrass. 
Again, the superiority of NaPCP alone or in mixtures was apparent 
(Table 3). Other treatments included in the study gave slightly better 
weed control but in all cases the trend was toward lower yields of 
soybeans. NaPCP at 25 Ibs. per acre resulted in excellent broadleaf 
control and very good grass control. Although statistically not 
significant, the yield was 2.0 bu. per acre higher than the check- 
cultivated plot. In the control of grasses CDEC and CDAA each at 
8 lbs. per acre performed very similarly. However, the CDEC treat- 
ment resulted in substantially better control of broadleaf weeds and 
higher soybean yield. The best control of all weeds resulted from 
the mixture of 20 Ibs. of NaPCP and 8 Ibs. of CDEC per acre. 

Neburon, NaNPA, 4—-(MCPB), and 3Y9 each at 4 lbs. per acre, 
DNBP at 8 lbs. per acre, and Emid at 2 lbs. per acre showed promise 
of satisfactory weed control. The tendency with all of these materials, 
excepting Neburon, was toward a slight reduction in soybean yield. 


SUMMARY AND CONCLUSIONS 


Herbicides were evaluated as pre-emergence treatments on soy- 
beans at two locations in Delaware during the period 1954 to 56 
inclusive. The soil type represented at the Georgetown location was 
t Norfolk loamy sand and at Newark a Sassafras loam. The results 
of these studies indicate the following: 

1. Mixtures of NaPCP + CDEC and NaPCP + 2,4—D isopropyl! 
ester have been the most effective treatments in the control of both 
broadleaves and grasses. 

2. NaPCP at 25 lbs. per acre gave very good control of broadleaf 
weeds and fair control of grasses without any reduction in soybean 
yield. Recommendation of this herbicide for commercial application 
will be made if and when residue tolerances are established. 

3. CDEC and CDAA each at 8 Ibs. per acre have been very effective 
in the control of grasses. CDEC has been superior to CDAA at the 
Newark location but the reverse was true at the Georgetown location. 





or 


er 
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!. DNBP at 6 to 8 Ibs. per acre was promising at both Georgetown 


and Newark. 


5. NaNPA, Neburon, and 4—(MCPB) each at 4 Ibs. per acre, Emid 


at 2 lbs. per acre, and 3Y9 at 2 lbs. per acre have given satisfactory 
weed control at both locations, but at Georgetown, particularly, have 
caused serious reduction in soybean yields. 


l. 
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BRIEF PAPERS 


A Laboratory Test for Screening Chemicals for Toxicity 
to Submerged Aquatic Plants 


M. S. Hupson and Bre Hupson! 


I’ 1955 studies were initiated to determine the toxicity of a large 
number of chemicals to submerged aquatic plants. It was hoped 
that those found most active would be useful for weed eradication 
from lakes and ponds. Procedures for screening chemicals for toxicity 
to aquatic plants are not well established. Chao? and Fromm (2) 
used a few leaves at a time of Spirodela and Lemna to determine 
plant sensitivity to several herbicides. Freeland (1) made short-time 
respiration studies on Anacharis with a similar objective. None of 
the procedures described were entirely suitable to use in a screening 
trial with entire plants. Therefore it was concluded that in order 
to carry out the toxicity screening tests it would first be necessary to 
develop a satisfactory method of culturing representative species in 
small vessels. . 

At the start of the work it was arbitrarily decided to use vessels 
of about | liter capacity, and so 1 quart fruit jars were chosen 
as the nearest size readily available. Plants used in the test were 
Ceratophylum demersum from Lake Kanuga, Hendersonville, N. C. 
and Anacharis densa from Zimmermans’s Lake, Spartanburg, S. C. 
The plants were collected in December 1955. Alter a series of tests in 
solutions containing varying amounts of nutrients it was found 
the plants could be grown successfully in the solution shown in 


Table 1. 


Table 1. Nutrients and concentrations used in preparing culture solutions, 


| Concentration tu Co rcentration in 
Nutrient stock solution cul ure solution 
ppm ppm 
Monocalcium phosphat 435 4.35 
Sodium nitrate 70 2.70 
Magnesium sulfate 740 ? 40 
Potassium chloride 210 >10 
Boric acid 0.25 0.0025 
Iron citrate 0.5 O.O050 
Manganese sulfate 0.5 0.0050 
Copper sulfate 0.05 0.0005 
0.05 0 000 


Zinc sulfate 


The test specimens were prepared in the following manner. Ap 
proximately 100 grams of air dry white sand was placed in each jar 
and the jars filled with water from a tap. The jars were allowed to 


‘Consulting Chemist and Biological Assistant, Wofford College, Spartanburg, 
S. C.; respectively. 

*Chao, Tung-Fang. A study of phytotoxic action of 2,4—-dichlorophenoxyacetic 
acid on certain aquatic plants. Dissertation Publication 3644, University of 
Minnesota. 
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stand for about 10 seconds until the heavier particles had settled 
and the liquid containing the fine suspended matter was poured off. 
This was done four times. The purpose of this was to eliminate fine 
suspended matter so that the plants could be introduced without feat 
of their leaves becoming coated with silt. To the jars, which were 
found to hold 850 ml up to the ring at the lower end of the neck, 
were added 8.5 ml of the stock solution shown in Table 1. When 
the jars were filled with water the concentrations of the chemicals 
were one-hundredth of that of the stock solution. The jars were 
then allowed to stand for at least 48 hours for the chemicals to reach 
equilibrium by hydrolytic or other reactions. 

Growing tips, or nodes taken from near the roots of healthy plants, 
were planted in the sand. The planted jars were kept at least 2 weeks 
and then were checked for active growth before being used in the 
chemical screening tests. The jars were kept on tables in a well- 
lighted laboratory but were not exposed to direct sunlight. Hours of 
light and darkness were those for average summer conditions. 
Temperatures ranged between 70 and 80° F. 

In order to keep a check on the viability of the cultured plants 
sodium arsenite was used as the standard test chemical. At intervals 
during the screening tests several series of jars were poisoned with 
1, 2, 3, 4, 5 and 6 ppm of sodium arsenite. In these tests it was found 
that the killing concentration was between 2 and 3 ppm for this 
chemical. The test jars from one of these sodium arsenite series is 
shown in Figure 1. No change in tolerance of the plants to this 
chemical was detected over a period of several months in culture. 





Figure 1. Control of Anacharis with sodium arsenite. Jars from left to right: 
2, 3 and 4 ppm of sodium arsenite and control, 
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A concentration of | ppm was used as the operating level for the 
screening tests. Because some of the chemicals had water solubilities 
of less than | part per 10,000 the operating level used with these 
materials was actually less than 1 ppm. In preparing the aqueous 
solutions of the chemicals 0.100 gm of the chemical were weighed 
out and transferred to a large beaker and 1000 ml of tap water was 
added. If the chemical did not dissolve immediately the solution was 
heated to 140—160° F with constant stirring. The solution was then 
allowed to stand until it cooled to room temperature. Enough of the 
solution was then filtered (usually about 100 ml) to give an adequate 
sample for the toxicity tests. Eight and one-half milliliters of this 
solution was then added to a jar containing one of the growing 
plants. This gave a concentration of 1 ppm of the chemical in the 
solution in contact with the plant provided all of the 0.100 gm of 
it remained in the liter of water after heating, cooling and filtering. 

Nearly 200 chemicals were tested by this screening method and 
two were found which killed the plants at a concentration of 1 ppm 
or less. These were methyl rosaniline chloride and 1-—chloro—2,4- 
dinitrobenzene. 


LireRATURE CIrep 


1. FREELAND, R. O. Effects of 2,4-D and other growth substances on photo 
synthesis and respiration in Anacharis. Bot. Gaz. 111:319-324. 1950. 

2. Fromm, F. Use of Lemna minor in rapid testing of toxicity to plants. Ciencia 
(Mexico) 7:214-218. 1946. 








News and Notes 


Johann Garimorth, who completed his graduate work at the 
Hochschule Fuer Boden Kultur at Vienna in 1956, will spend a year 
as a post-doctoral fellow at the Dept. of Horticulture at the Univer 
sity of Wisconsin. He will be engaged in research on weed competi 
tion in vegetable crops. 

Dale Bush has joined the staff of the American Chemical Paint 
Co. as a technical advisor and will serve the middle west. Previously 
he was employed by the Nebraska State Dept. of Agriculture on its 
weed regulatory program. 

Alden S. Crafts, Dept. of Botany, University of California at Davis, 
is taking a sabbatical leave of 1 year in England at the University of 
Oxford where he will observe weed control methods as they are prac- 
ticed in Great Britain. In addition to this, he will continue his 
studies on the mechanism of action of herbicides in cooperation 
with G. E. Blackman and associates. 


Jonas Vengris, Dept. of Agronomy, University of Massachusetts, 
will be visiting the Dept. of Agronomy, University of Wisconsin for 
8 months on a sabbatical leave. He intends to become familiar with 
the weed control work in progress at a number of the north central 
states during this time. 

The Third Annual Cornell Weed Day was held for all those 
interested in weed control on July 18, 1957. Tours were made to 
plots of agronomic and vegetable crops where weed control trials 
were shown. Informal programs the evening prior to the tour, and 
on the evening of July 18, were also arranged. 


Notice of the availability of the Weed Control Handbook 1957 
has been received. Copies may be obtained by writing to the British 
Weed Control Council, 86 Strand, London, W.C. 2. The price is 5s 
post free per copy and the check should be made out to British Weed 
Control Conference. 
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Suggestions for Contributors to WEEDS 


Manuscripts dealing with all of weed control, regulatory, educational 
and research, are accepted for tion in Wereps. Man should have 
more than purely local interest. The material described be more con- 


clusive than progress reports, Artides must be original material previous! 
unpublished elsewhere. Prior publication in brief abstract form is permit 
After review, each yrerey oy be yr my for  saagaaeess upon recom- 
mendation of the Editorial The au has opportunity to make 
revisions after the review is and before publication, Refer to a recent 
issue of WeEns to determine of style to be used. 

Manuscripts. Two copies, one on bond paper, should be furnished for each 
manuscript. The entire text should be double spaced. An additional copy of 
the manuscript should be retained by the author to ensure against loss. 

Use as short a title as practical. Following the title give the authors name(s). 
It is desirable to divide the into sections with headings such as 
Introduction, Methods and Materials, ts, Discussion, Summary and Liter- 
ature Cited. Avoid underscoring headings, words or phrases unless you wish 
them to be printed in italics. 

Measurements such as time, weight and degrees should be in arabic numerals 
regardless of the number of in the number, Where the figure is not one 
of measurement, figures below 10 should be spelled out except when one figure 
in a series has two digits in which case all should be in arabic. 

All chemicals mentioned should be described fully the first time used. Nomen- 
clature, abbreviations and definitions should follow those presented in the 
Terminology Committee Report, WSA, published in Werens 4:278-284, July, 
1956. 

Footnotes. Use footnotes y for items that cannot be included con- 
veniently in the text. The the study was done and the address of 
the author(s) should be given as footnotes. Number footnotes to the text con- 
secutively throughout the manuscript with superscript arabic numerals. Designate 
footnotes to the tables with superscript lower case letters. 

Figures. Experimental data may ted in graphic or tabular form. 
However, figures should not be used if merely illustrate material presented 
in the text or in tables. Prepare illustrations with approximately the same 


proportions as a printed page, 4*/, x 7 inches, or some fraction of a . Photo- 
graphs should be clear glossy prints and should be trimmed unessential 
portions. 

Graphs and drawings should be inked with heavy black lines to ensure 
ar after reduction in size. Hand should be large and made with a 
lettering guide. Typing is not acceptable. Place the author's name and figure 


number on the back of each one submitted. Type the legend for each figure on a 
separate sheet. Figures should be numbered consecutively in arabic numerals, 

Tables. Type each table on a separate sheet. Tables should be numbered 
consecutively in arabic numerals in order of reference in the text. In tables, the 
caption, column headings and side see should be in lower case with only 
the first word and proper nouns capi 

Citations. Citations are numbered alphabetically by senior author and the 
number of the reference is used in the text. Citations should include names of 
all authors, complete title, volume number, inclusive pages, publication and 
year. Theses and letters, or any other communication not readily available. in 
libraries, should appear as footnotes. 





